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George Braxton Pegram 


Treasurer Emeritus of the American Physical Society 
Treasurer, 1919-1957 


HIS 1957 Annual Meeting is the last meeting 

at which George Braxton Pegram is. the 
‘Treasurer of the American Physical Society. This 
Society as we know it is largely his own creation. 
When he entered the Society fifty-eight years ago 
at its second meeting, it had fewer than one hundred 
When he first 
years ago, the Society was still less 


members was elected ‘Treasurer 
thirty-cight 
than one-tenth as large as it is today. The volume 
of its publications was an even smaller fraction of 
their present volume, and nobody could have dared 
to say that our Physical Review is the most im 
portant journal of physics in the world, a claim 
that now might not appear unreasonable. Its mect 
ings were so small that simultaneous sessions were 
unknown; now there are six or seven at a time. 
hor all of these thirty-eight years George Pegram 
has served the Society without a break, by far the 
longest term of service ever accorded to us by any- 
one. Years of prosperity and depression, years of 
deflation and inflation, and now a decade of un- 
remitting expansion of physics and of the Society: 

through all this time George Pegram has main- 
tained the finanees of the Society, and only twice 
in all this time have the vicissitudes of the years 
required an appeal for brief and transient help to 


surmount a temporary crisis. When Pegram began 


to be Treasurer, he was at an age when most men 
then 
he himself, according to all that we hear, was 
ing half again t men. He ha 
tinued to be Treasurer up to an age when most 
men want nothing but rest an sc and when hi 


relax 


are working full time in own profession, and 
work 


Cot 


as hard as Iho 


own physician has long been urging him to 
\nd yet, 


as Treasurer, it is 


immense as is been his service 
but a ill pa t hi total 
For longer than 
Pegram has been the gui and the 
statesman of the Societ ilwa cone 

cerned the Societs 
lant. Thos 
children 
have lost the guidance of the wise and kindly father 
s relied to lead them, to 


and quit 


rere mbet 
elder 


h 


service mo 


everything that co 


self with 


sighted, and ilwa Vit who 


will feel like 


always fore 
will be officers hereafter who 
on whom they have alway 
advise them, to keep them out of trouble, and to 
help them out of such troubles as they incurred on 
count on the continuance 
\merican Physical Societ 
what it 
been the Societ 


like 


their own. Of course, we 
of his good counsel. ‘The 
be able to me 
Pegram. He ha 


inother 


never isure owes to 
Braxton 


Phere will never be 


will 
(George 


incarnate. him 


The foregoing statement, prepared at the direction 
of the Council of the American Physical Society, wa 
read at the banquet of February first, 1957 
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OF 


Hk 1957 Spring Meeting of the American 
Physical Society will be held in Washington, 
Db. C., on Thursday, Friday, and Saturday, April 
25, 26, and 27. The scientific sessions will be dis 
tributed, as they were last ir, between the Shera 
ton-Park Hotel, the Shoreham Hotel, and the 
National Bureau of Standards. The meeting, as 
measured by number of papers contributed and in 
vited, is of about the same proportion as last vear's 
whether the future reserves for us such an amazing 
and troublesome gain in attendance as surprised us 
at the latest Annual Meeting is something that 
remains for the future to tell. R. D. Huntoon has 
accepted for the third time the tremendous burdens 
of the Chairmanship of the Local Committee: his 
committeemen are D. Fk. Bleil, W. C. Hall, A. J. 
Mahan, J. H. McMillen, S. F. Singer, L. Slack, 
and H. ‘Vatel-—it will be seen that the major institu 
tions of Washington have given generously of their 
aid 

Jast-minute correspondence to officers of the 
Society, to chairmen of sessions, and to members 
generally should be addressed in care of R. D 
Huntoon, Room 106-108C, Sheraton-Park Hotel, 
Washington 8, D. ¢ 

Hotel. Koom reservations should be made by 
writing to the Sheraton-Park Hotel, Washington 8, 
ID. ©., with mention that the writer is coming to 
Physical Societs 


Late writers will find themselves issigned to other 


the convention of the Americar 


hotels probabl in the same neighborhood. Even 
with the best will in the world, a hotel cannot 
tlwavs fulfill a confirmed reservation when the 
maker thereof does not arrive until late in the day 
(set there as early as po sible, and if not “roomed” 
at once, go back from time to time instead of wait 


ing till evening. A deposit made in advance is often 
helpful 


[he main registration desk will be located in the 
Sheraton-Park Hotel and an ancillary desk in the 
Shoreham. You may register at either, and every 
one should register and pay the registration fee of 
one dollar. Dinner tickets may be bought at either 
Ihe blackboards with notice ol messages, post 
deadline papers, and other information will be 


found only at the Sheraton-Parl 


Parity. The issue of nonconservation of parity 
strangely miscalled ‘violation of parity” by a num 
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THE 
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ber of people who probably would not speak of an 
irreversible process as a ‘violation of entropy” 

attracted an enormous crowd at the Annual Meet 
ing even though it was on the post-deadline pro 
vgramme. Anticipating a similar crush, we have 
booked for a Symposium on this issue the Sheraton 
Hall, which incidentally will advantage other papers 
at other times. This Symposium will be held on 


kriday afternoon and will begin at 1:15 lor we 
must vacate the hall at 4:30. Speakers will be 
D. Lee, C. S. Wu, R. L. Garwin, V. L. Telegdi, 
ind K. L. Crowe. Theoretical papers on parity are 
assigned to the West Ballroom of the Shoreham on 
Phursday afternoon, and such experimental papers 
as could be recognized as having pertinence to the 
issue form a programme on Horning the 
Main Ballroom of the Shoreham 


Iwo of our most recent Nobel laureates, John 
Bardeen and W HH Brattain, will ive addresses 
before the Society on Saturday morning in- the 
Main Ballroom of the Shoreham (Session S.\ 


Invited papers by \age Bohr, Hugh Bradner, 
Kk. S. Dayhoff, E. V. Hayward, R. Jastrow, G. R 
Keepin, H Lewis, | Libby, \loon, 
kk. Opik, Peter Hillman, M. M. Shapire, J. A 
Simpson, S. F. Singer, ©. H. Townes, and bk. H 


Winkler appear in various sessions of the meeting 


Four hundred and eight contributed papers a1 
distributed among thirty-five sessions. Last year 
the number was 394, the previous year 393, and the 
ear before that 406. Papers in theoretical pliysies 
were so numerous that some of them had to bn 
scheduled on every half-day but that of the parity 
symposium, and papers on transmutation and on 
neutron physics so abundant that some had to be 
putin paralle leven with that. As usual, the Lcopone 
assigned to Saturday afternoon are not those that 
\nnual Meeting or 


the previous Washington meeting, though post 


were So placed at the previous 


deadline papers mas provide an exception Thi 
Societs ind the Secretary owe a yvreat debt to 
Robert Serber for arranging the theoretical paper 
to W. W. Havens, the Deputs Secretary, for arrans 
ing the six sessions lettered ID, P, S, and X 
ind to L. M. Lederman for doing the same service 
to those on hyperons and heavy mesons. (Inei 
dentally, 185 of the 408 abstracts arrived on dead 
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line-day. A dangerous risk; and there were nearly 
thirty that took the risk and lost the gamble.) 


There will be no placement register at this 
meeting. 

As at the past four meetings, there will be an 
exhibit of the latest technical books and journals in 
the Florentine Foyer to Sheraton Hall on Thursday 
and Friday, 9:00 A.M. to 4:30 p.m. All are cordially 
invited, 

‘The banquet of the Society will be held on Friday 
evening at 7:00 in the Terrace Room of the Shore- 
ham Hotel. The after-dinner speakers will be an- 
nounced on the blackboards if their names are not 
to be found in this Bulletin. The Terrace Room is 
the one in which we have nearly always dined at 
Washington in recent years. Use the form on page 
253 of this Bulletin for advance reservations. If 
you do not use it, watch vigilantly for announce- 
ment on the blackboards giving the day and hour 
after which tickets may no longer be available. 
The price of the dinner will be four dollars. 


Tea. ‘The staff of the National Bureau of Stand- 
ards will be host to the Society at tea, which they 
will offer to the members and guests of the Society 
at the Manse (on the Bureau grounds) from 4:30 
P.M. to 6:30 P.M. on Thursday. 


The ladies’ programme has been arranged by Mrs. 


Francis M. Defandorf. There will be an 
tunity, for those interested, to attend a short talk 
in the newly completed Mosque by Dr. Mohamed 
Bisar, Director of the Islamic Center, on Thursday, 
April 25, at 1:00 p.m. In addition, arrangements 
have been made for a short tour of the National 
Cathedral. ‘Transportation will be provided and 
those interested should so notify the ladies’ regis- 
tration desk by 11:30 a.m. on Thursday. 


oppor- 


On Friday, April 26, the wives of the local mem- 
bers will provide transportation for a tour of either 
Mt. Vernon or a general view of Washington in- 
cluding Old Georgetown and parts of residential 
areas. Upon completion of the tour, each group will 
be driven directly to the Columbia Country Club 
in Chevy Chase, Maryland, for luncheon ($2.25). 
The selection of the tour desired must be announced 
at the time the luncheon tickets are purchased at 
the ladies’ registration desk; the deadline is 5:00 
p.M. Thursday, April 25. 


Also on Friday, April 26, there can be a tour of 
the studios of ‘Voice of America” (the interna- 
tional broadcasting service of the United States 
Information 1:00 p.m. if sufficiently 
many of our members and guests notify the ladies’ 
registration desk before 4:45 p.m. on Thursday 
afternoon that they will go. 


Service) at 


PHYSICAL 


SOCIETY 


The Council of the American Physical Society 
will meet on Wednesday, April 24, at 10:30 a.m 
in a place of which notification will be made to its 


members. 


The Nominating Committee of the American 
Physical Society will Thursday at 10:00 
A.M. ata place of which its members will be notified 
The members of this Committee are: J. H. Van 
Vleck (Chairman), J. L. Fowler, S. A. Goudsmit, 
Thomas Lauritsen, W. James Ly McKay, 
J. R. Platt, E. M. Purcell, and R. R. Wilson 


Post-deadline ten-minute papers, pertaining to 
very import 
ance, will be considered for 


meet on 


OMS, K (; 


recent achievements of very special 


idmission to a pecial 
ibstracts are 


supplementary programme if the 
received at the ottice ol the Sox etyv not tatet 
Friday, April 19 The abstracts will not be 


lished. The titles of such papers as may be 


than 
pub 
iccepted 
will be written on a blackboard near the registration 
desk, and on this blackboard will also be 
the time and place at which these may be given 


nnounced 


Prospective meetings and deadlines of the Soci 
ety are listed on page 247 of this Bulletin 


Instructions for the preparation of abstracts are 
247 of this Bulletin. Members 


should make a point of reading these instruction 


printed on page 


whenever an issue of the Bulletin appears, for they 


become more numerous and more rigid as. the 


is be most ot 


Ve irs pass by Phi 


are designed to shorten the 


months and 
them 
text of the Bulletin must spend in the hands of th 
of Physics 


and with 


pe riod which the 


editors at the American Institute before 


it goes onward to Lancaster Press, oul 


present big meetings this period is getting to be a 
significant part of the time that elapses from the 
Bulleti 


deadline to the publication of the 
and heed! 


Errata pertaining to abstracts in this issue will 
later this Bulletin if 


\pril 29, by Miss 


be published in a issue of 
received not later than Monday 

Ruth Bryans, American Institute of Physics, 57 
East Street, New York 22, New York. Do 
not send in the abstracts marked with corrections 


Write out the 


read. 


55th 


corrections in the form ‘Instead of 


\dd 


erratum 1s 


nothing. The privilege of 


printing an not accorded in order to 
enable people to publish new data or to replace 
material cut out because the abstract was too long. 
KARL K. DARROW, Secretary 
\merican Physical Societ' 
Columbia Universit 


New York 27, New York 
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10:00 
10:00 
10:00 
10:00 
10:00 
10:00 


EPITOME OF THE 1957 WASHINGTON MEETING 


THURSDAY MORNING 


NBS East 
Shoreham, Main 


mostly semiconductor 
Hayward, 
SP, Bi 


Solid 
Electrons a1 ysitrons 
Instrumentati mostly 


Pheoretical phy ics | 


tate ph 


irgundy 


ar, 


nuclear 


high energy phy if iribar Mural 


1) Interactions of medium-weight nuclei. SP, Continental 


DA 


Opik, Singer, Shapiro, Simpson. SP, Sheraton Hall 


THURSDAY AFTERNOON 


SP, Continental 
Mural 


nonmetal 


of light nuclei 
ryogenics; Lutes. SP, Caribar 
Solid-state physics II, mostly 
Accelerators. SP 


lheoretical phy 


Interaction 


NBS, East 
Burgundy 
ics II: field-theory and 


antiprotons, 


mimetry 


Shoreham, Main 


properties 
(Cosmic rays antineutron 


Keepin, Hillman, Jastrow, Lewis. SP, Sheraton Hall 


FRIDAY MORNING 


Muons and pions. SP, Burgundy 


Fission and fissile nuclei. SP, Continental 
Optical and x-ray spectra 
tate physics II], mostly, 
Theoretical physics II 


with a bearing 


NBS, East 
Shoreham, West 


Solid theory 
tatistical problem 
Experimental paper on parity 


MA. Libby, Bohr, Bradner. SP, Sheraton Hall 


FRIDAY AFTERNOON 


SP, Sheraton Hall 


involving deuterons 


Lee, Wu, Garwin, Telegdi, Crowe 
Coulomb exe 
General physi 
Microwaves and bands. Shoreham, Main 
Solid-state physics IV, mostly metals. NBS, East 
Fluid dynamics; Winkler. Shoreham, West 

SP, Caribar-Mural 


itation: interaction 


SP, Burgundy 


Ne utron spec tro Copy 


FRIDAY EVENING 


Banquet of American Physical Society. Speakers to be announced 


SATURDAY MORNING 


Ferroelectrics and dielectrics; Bardeen, Brattain, Towne 
ind hyperons I. Shoreham, West 

general nuclear physics. SP, Continental 
Magnetic resonance; Dayhoff. NBS, East 

Theoretical phy 


Unstable nuclei I. SP, Burgundy 


Heavy mesons 
Atomic masse 
low-energy physic Caribar 


Room 


SATURDAY AFTERNOON 


ourga dy 


SP, ( 


W Unstable nuclei II. SP 
Fast neutron reaction mtinental 
\ be papers perhaps in West Ballrox 


X 
X 
Y Heay ind hy Il. Shoreham, Main 
Z 


leadline 
meson perons 
Magnetism. NBS, East 

A. Theoretical physics V 


relativity ntum mechanics 


molecular-beam experiments. SP, Caribar 


Shoreham, Main 


Mural 


SI’ 


and alpha particle 


i but con ult blac } board 


Sherat 


Shoreham, West 


Mural 


SP, Continental 


Shoreham, Main 


Mural 


Park 


Per i] names are those of invited speakers. NBS stands for National Bureau of Standards, 

C\A. 
} 

2:00 FA, 

2:00 G 

9:30 KA 

9:30 LA ay 

9:30 M 

1:15 N 

— 

2:00 O 

2:00 QA 

2:00 R 

2:00 RA 

2:00 

9:00 SA : 

9:30 

9:30 TA 

9:30 I 

1:30 

1:30 

1:30 

1:30 

1:30 Caribar- 
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PROGRAMME 


‘THURSDAY MORNING AT 10:00 
NBS, East Building 


(E. BURSTEIN presiding 
Solid-State Physics I, Mostly Semiconductors 


Al. General Theory of the Hall Effect. P. J. Price, JBM, A4. Cyclotron Resonance in Germanium. R. R. GoopMAnN 
Watson Laboratory. Existing theories of the Hall effect make — University of Michigan.—Cyclotron resonance line shape cal- 
simplifying assumptions about the relaxation processes in the culations have been made fo itions between several 
Boltzmann equation. Such assumptions can be avoided by a — energy levels for holes in ger im. The calcul 
general procedure! in which the magnitude averaged in the made for the magnetic field i we (111) d 
flux is replaced by a “conjugate’’ magnitude which is related occupation of the various levels wa imed ¢ n by the 
to it by a certain integral equation, When the flux is electron — equilibrium distribution at a d temperatur com 
current, the procedure replaces electron velocity by its con- parison was made with the results of calculatic in which 
jugate: the relation between these generalizes the Lorentz the (111) component of momentur qual to zero 
correction for persistence of velocity. In this paper the method = The comparison showed that for 
is applied to the linear Hall effect in a single crystal. The re- — of the resonance lines were within 
sulting formula for the conductivity triadic, in terms of the — the shapes of the curves differ somewha or some tra ; 
conjugate to the velocity, reduces for cubic symmetry to a however (those which are forbidden when the (111) ce mponent 
formula for the Hall mobility which generalizes existing ones of the momentum is taken a »), th ition and shape of 
The possible simplifying assumptions will be discussed. the line is very temperature- ( heir ensities are 

'P, J. Price, IBM J, Research and Development 1, No. 2 (April, 1957) less than those of the other ty] : as \ theory 
a single relaxation time 

A2. Theory of Noise for a Multidimensional Semiconductor. ©"! to 57. Temperature 
M. SoLtow, Catholic University of America and the Naval For the sake of convenience 
Ordnance Laboratory This paper gives the solution for two- effects, the values of the dime 
and three-dimensional p—n junction noise problems, including 
the effects of surface recombination. The noise sources are AS. Time Constants of Slow States in Germanium Sur- 
derived by the method of Petritz.’ The recombination sources faces. G. C. DousMAN ND E. O. Jounson, RCA Labor 


are scalar; the balk diffusion sources are vector in character tories The effect of ac electric fields on the surface recomb 


Phe noise sources are substituted into the equations of motion — tion velocity (s) in Ge and Si diode 
for excess minority charge and diffusion currents. To solve the reverse saturatio 
these inhomogeneous equations, the scalar and tensor Green's — exploring the time constant 
functions are investigated for the semi-infinite rectangular surface state Phe amplitude 
parallelopiped. The scalar Green's function is found for arbi a function of applied field freq 
trary values of surface recombination velocity and the tensor face in Ge is small at frequencie 
Green's function for the limiting case of infinite surface re- with increasing frequency up t 
combination velocity. The spectrum of the noise current region is reached. The re 
appearing at the p—m» junction is obtained by integration of approximately, the rang 
the scalar and tensor Green's functions over the recombination constants for the slow 
and diffusion sources, respectively, surfaces in a roon 
shorter in ; 

'R, L, Petritz, Proc, Inst. Radio Fngrs. 40, 1440 (1952); Phys. Rev 

87, 545 (1952); sbid, 87, 189( A) (1952 contirmed 
( fields induce a net 

A3. High-Frequency Relaxation Processes in the Field- = may indicate field 
Effect Experiment. ©. G. B. Garrett, Bell Telephone Labora- Ihe surface behavior 
tories. ~A theoretical treatment is given of two dispersion ee 
phenomena in the field-effect experiment: (1) dispersion O, Johnson, Bull 
arising from the finite time required to generate minority 
carriers, and (2) relaxation of the fast surface states. It is A6. Role of Magnetic Field in the Hot Electron Behavior of 
shown that the in-phase part of the field effect mobility is Germanium.* Louis Gop, Lincoln Laborator The hot 
given by (for n-type semiconductor) wre electron problem i 

B/(1 +r), where (w/2m) is the frequency of the applied — investigated in a 
field, A and B are constants, and r; and re are characteristic ellipsoidal energy 
times, all four quantities being functions of the body resis T—-0) and the aniso 
tivity, surface potential, and of the densities, energy levels, © manium.' The the 
and capture cross sections of the fast states. Under certain) where an external 
conditions, 7, is equal to the fundamental decay mode life- crystals. A 
time of the sample, while r2 is expected to be much shorter and effects, which 
depends primarily on the cross sections and the position of the — directional « 
state level in the gap. A comparison of the theory with recent — rotated in 
experimental results of Montgomery shows (1) that reasonable — anisotropy is found to 
agreement can be obtained and (2) that the presence of any than for H=0) with the 
significant number of states in the region close to the center — effective than the transver 
of the gap is unlikely. ing considerably complicate 
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given here to the effective ratio 6 of Larmor to scattering 
frequency. In the limit b+ « and the scattering decidedly 
inisotropic, transverse energy gain vanishes, whereas in the 
gain becomes extremely 


detailed cal 


longitudinal alignment the energy 
As b-+0, the 
culations have been performed for b =1, 0.1 for both isotropic 


anisotropic anisotropy diminishes ; 


and anisotropic scattering 
* The research reported in this document was pported jointly by the 
y n \ir Force under ntract with MII 
'L, Gold, Ph Re 104, 1580 (1956 
A7. Activation Energy for the Thermal Generation of Re- 
combination Centers in Silicon. BeRND Ross anp J. R 
MapIGAN, Hoffman Semiconductor Division Ihe etlect of 
Various heat treatments (e.y annealing quenching, and re 
annealing) on silicon dithused 
found to alter the number but not the energy level of the re 
that a semilogarithmic plot 
hould yield a 
lope is a measure of the activation energy 
\ value of about 


Room temperature anne ling was ob 


nm junction rectifiers has been 
combination centers.' Thi uggest 
of lifetime reciprocal quench temperature 
straight line whose 
for formation of the recombination center 
1 ev is thus obtained 
served ifter ques hing Po ible model lor the recombination 
center and its method of generation are discussed 


Bull. Am. Phys. S Ser. If, 2, 68 (1957 


B. R nd J. R. Madigan 


A8. Observations on the Spectral Dependence of the PME 
Effect. FRANK A. BRAND, A BAKER,* AND HERBERT 
Metre, Signal Corp 


NDREW N 
Engineering Laboratori The 
nag netoc lectric effect has been studied 
tion of the wavelength of incident radiation in the region from 


0.5 to 2.0 micron 


photo 


germanium 48a ture 


I he depe idence of both photoconductivity 


and PME response has been measured in various samples, using 


irface recombination velocities and bulk re 


It has bee 


irface recombination a reversal 


front and back 


combination as parametet n found that under cer 
tain conditions of bulk and 


in sign for the PMI 


tudied. Sign reversals obtain at wavelength 


response occurs over the frequen ranwe 
in the range from 
1.55 to 1.85 micron corre ponding to partial opt il tran 
parency The exact frequencn it which reversal occurs ce 
pe nd on the surface and bulk recombination values, the condi 
tion beir y that the Dember 


on the front and bach 


held be zero corre po iding to equal 
Further 


hown to be in good agres 


carner concentration urlace 
more, the pre ent observatior ire 


ment with the theoretical work reported by Gartner I xperi 


mental procedure ire described id itt hown how this 
effect can be used to advantage in the study of surface recom 
bination velocities in various environment 

* Present addre it Bell Telephone Laboratories 

W. Gartner, PI Rev, 105, 823 (1957 


A9. Magneto Photorectification Effect in a Semiconductor. 


G. GROETZINGER, RIAS, H. K. Forster, University of 
Calif rnia, I ingele It ha been obser ed pre viously that 
an absorption gradi it of light in a tran parent semiconductor 


In the pres 
ociated with such 


leads to a (volume) rectification.! t cxperiment it 


has been found that, just as the photo-emf i 


a gradient ts dim hed by the application of a transverse 


photomag ietoelectric effect*) 


magnet field (longitudinal 

the rectification is decreased by the application of ich a 
magnetic field. For a natural cuprous oxide crystal the rect 
cation, as measured by the dk irrent produced by an a 
voltage of a few volts, is decreased by 5% upon application of 
a field of 22000 gauss. No rectification could be detected 
associated with the emf a i re It of the tra Verse photo 
maynetoelectri effect (PEM effect)® Le., the direction 


perpendi ular to both the gradient of light and the magnetic 


held 


SSION 


A10. Rectification and Photovoltaic Effect in Semiconduct- 
ing Diamond.* M. |). Be_itt anp W. J. Letvo, Oklahoma 
1.and M. College Rectification effects between metal point 


and Type IIb! diamond 


have been studied under variou 


conditions. Rectification was observed with each of the metals 
tested which included indium, aluminum, copper, tungsten, 


The current-voltage characteristics were 


silver, and platinum 
in qualitative agreement with rectification theory; however, 
there wa no quantitative agreement because the reverse 
saturation current was not dependent upon the work function 
of the 


dependence of rectification with the work function can be ex 


metal to the extent required by theory, The lack of 


plained by Bardeen theory of surface tate Reverse brea 


down occurred between 30 and 60 volts, and a luminescence 


forward bias. Good rectification 


was observed with 45 vol 
were still obtained at 300°C, the maximum temperature 
employed sin the visible 


and near infrared extending from 330 my to 1.3 ya with the 


curve 
Phe diamond developed photovolt ie 


maximum at 660 my. In the ultraviolet the photovolt we 


peaked at 230 my 
° research wa ipported by the U. S. Air Force through the A 
Force Office of Scientific Research of the Air Research and Development 
Command 
Now with Phillips Petroleum Compan 
I'ype IIb diamonds were first discovered by J. F. H. Custers, Physica 
10, 489 (1952); sbid, 20, 1835 (1954 


All. Adsorption and Charge Transfer on Semiconductor 
Surfaces. Hi. |. KrUseMEvER AND LHomas, ell / ele 
phone Laboratorie The concentration of ton ind neutral 


atom idsorbed on a emiconductot surface, a well a it 


urlace potential has been treated as a function of the pressure 


ol surrounding gase lor coverage up to one monolayer, con 


both 


ind a mixture of two gases, 


idering the occupation of sites by ionized and un 


ionized atom pure gase 
to positive, the other to negative, adion ire 


one giving rise 


Numerical result are obtaimed for semimonductor 
with a large 


with A 


treated 
uch a forbidden gap and outside the in 


trinsic range. For a ga itoms per molecule and giving 


rise to positive adions on ann yy emiconductor, the adion 


proporti mal to the pre ure plor very low coverage 
Following i 


tional to Pi% until deyeneracy of the electron vas near the ul 


density 1 


ition reyion the coverage become propo 


face further impede coveraye mcrease bor yan yiving rine 


to negative adions, the linear behavior for low coverage and 
the transition region are followed by a region where the ton 
coverage is nearly indepen ident of va pre ure until an mver 


ion layer is formed. From thi point on the behavior THA 


to that for gwase CAUSINY positt ton at higher co erage hve 
evaluation of the eners of electronic levels, caused by the ga 


itoms, and the total number of ad orption site ire chi issed 


Al2. Minority Carrier Lifetime in p-n Junction Devices 
J. Mapican, AND M. Byczkowskt, //offman Semiconductor 
Di ion rod Lax and Neustadter® have obtained 


the relation between junction recovery time and lifetime for 


Kingston 
the limiting cases in which the width of the base region ts either 
much greater than or much ke than a diffusion length In 
iheon-dillused 
width and diffusion le 


neither of the foregoing 


Junction rectiher the case where the base 


mid 


wth are comparable 


ippropriate \ 


ipproximation 


eneral relation between the liietime and the recovery time h 


been obtained for arbitrary base widths and in general agree 


ment with measurements on diffused junction 


gat Inet. 42, #29 (1954 
lax tater, J Phys. 25, 1144 (1954 


Al3. An Anomalous Conductivity Modulation Behavior of 
a Pulse of Charge Carriers Drifting through a Poor Junction 
in p-Type Germanium. Greer ignal Corps ings 
Laboratorve In a 


circuit’ containing em 


neering 


171 
an 
| 
| 
ihe 
+ 
G. Groetzing ind J. 1 tache Physik, Z. 38, 292 (1937); N. Pent 
Phys er. II, 1, 293 (1956 
(,. Groet Z. 36, 169 (1935 thid. 36, 216 (1935 J 4 
und G. Groetzinger, | Rev. 100, 1128 (1955 
81. K. Kik N. Nosh Physik. Z. Sovietunion 5, $86 (1934 
Groetzinger, Physik. Z, 36, 169 (1935 
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conductor, resistor, and de power supply a transient current, 
6/, is generated when a pulse of charge carriers is injected into 
the semiconductor. For small injection in a p-type semi- 
conductor, the results of elementary circuit theory show that 
the emf, e(t), of the generator of the equivalent transient cir- 
cuit is given by (1 +6) S (én/p) E(x)dx, where én is the density 
of the injected electronic charge. Since J is proportional to 
e(t), it will be large (or small) when e(t) is large (or small). 
Therefore, 61 will be large (or small) when the pulse is in 
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regions where E/p is large (or small). In a reversed biased 


junction, E/p is large and a large pulse of current should be 
observed when the i: jected pulse drifts through it. For a poor 
germanium junction this had indeed been observed ; however, 
in the wake of the current pulse a negative signal is observed 
This means that at some point in the vicinity of the ju yn 
(én/p) become eyative When a hol pulse drifted into 


this 
signal is not observed 


junction by injection on its positive egative 


10:00 


Shoreham, Main Ballroom 


Way presiding) 


Electrons and Positrons 


B1. Variational Calculation of, the Scattering of Electrons 
by Hydrogen Atoms Near Zero Energy.* SipNey Borowitz 
AND HOWARD GREENBERG,t New York University.—The cross 
section for the scattering of electrons by hydrogen atoms at zero 
energy has been calculated using a variational principle of the 
Hulthen-Kohn' type. For singlet scattering we have used a 
three-parameter trial function which reduces to an H/~ wave 
function at small electron separations and which has the cor 
rect asymptotic form. To calculate triplet scattering we use an 
antisymmetrized version of the same trial function. The effec- 
tive range for singlet scattering is determined from the scatter- 
ing length already calculated and the known value of the elec 
tron attachment energy for //~. For triplet scattering we use 
an energy-dependent trial function to determine the effective 
range. Our results are a,@7.746a9, r,=3.80do, 
r, @ 0.80849, and ao is the Bohr radius. The total cross section 
at zero energy is 76.6ra,". The effective range formula is valid 
from zero energy up to about 0.04 ev. 


* Jointly supported by the Office of Naval Research and Air Force 


Cambridge Kesearch Center 
1 Present address: City College of New Vork 
'W. Kolin Phys, Rev. 74, 1763 (1948 


B2. Elastic Scattering of Electrons by Atomic Hydrogen.* 
Beperson, H. Matamup, J. Hammer,t New York 
University.-An atomic beam method has been used to per- 
form measurements on the total scatteving cross sections of 
electrons by atomic hydrogen for voltages between 4 and 12.5 
volts. An Hy +H, beam is produced by an rf discharge and an 
electron beam by an electrostatically focused electron gun 
The Hi+He beam is mechanically chopped (25 eps) and is 
made to cross the electron beam in the scattering region. The 
scattered electrons are collected by a Faraday chamber and 
the observed signal recorded by a lock-in detection system 
Absolute values for the atomic cross sections are obtained by 
The nor- 
malization requires knowledge of the atomic beam temperature 
and the ratio Hy/H». These were both measured by means of an 
inhomogeneous velocity analyzer (Stern-Gerlach 
experinent), The cross sections obtained start at about 4 in 
units of wae at 12.5 volts and rise rapidly to about 50 at 4 
volts. At the lower energies the measured values are consider- 
ably higher than those obtained in recent calculations.! 


normalizing to the known molecular cross sections. 


magnet 


* Supported by the Office of Naval Research 
t Present address: Bell Telephone Laboratories 
' Massey and Moiseiwitsch, Proc. Roy, Soc, (London) A205, 483 (1951). 


B3. Technique for Measuring Polarization of Slowed Posi- 
trons.* Lorne A. PAGE AND MILTON HEINBERG,t University 
of Pittsburgh.—Finite (o,) for slowed positrons should be 


directly reflected in the relative population, (1 +6€)/(1 —e), of 


and 4S; 9 positronium formed, for field //,#0. To have 
reasonably trong Paschen-Back effect (12 kil j e.g 

implies «=0.3 for n=1 positronium) one uses large H which 
requires distinguishing experimentally betwee t photon 
annihilation events from the tw tate It has already been 
demonstrated! that in a nobk Ya with titable thermalizing 
additive, sufficiently old (>3X10~ sec) positronium will be 
slow enough to yield a pronounced narrow « mponent ( ) 
10° rad) in the two-photon angular correlatio trast 
to nascent positronium (~10 ‘ old) whicl on the 
averaye too tast to do so. Denoti gO. the rati ?t two-coin 
cidence rate at 180° for large field | H held zero witha ilar 
resolution w, one expect the mmetry in rate between 
for hypothe ti ally comple polar Zation to be VU. 

Q), where all three parameters are known and may be varied 
Typically, O. i 1.1 and O, ranges to 5 \n exper ment using 


Na® po itrons emitted into one hemi 


phere ! inder way to test 

for residual polarization? in order to find out the sign of (@-¥v 

*Work done t Mell e Radiat Lab tory and 
sponsored by the Off f Corer Ke 

t Now at Cornell t 

1M. Heinberg I Pag ; | 1. 168 
(1956 Milton H 

2 Polar ation at « bye P te ed 
Jackson, Treima 


B4. Pair Production in the*Field of an Electron by the 


-Ray Beam of the Cornell Synchrotron.* E. L. Harr, G 
Coccont, V. T. Coccont, K. C. RoGres |. M ELLEN 
A 24-in. diffusion cloud chanber, filled with } ( to 20 
atmos operating in a magnet field of 6 kil been 
placed in an 870-Mev collimated bremsstrahlung beam of the 
Cornell Synchrotre lectron pair productic the tield of 
an electron has been observed and measured { irious y-ray 
energies. Results will be given for the cro ection, and for the 
energy distribution among the electre 

* Assisted by the joint program of the Offi i K the 
U.S. Atomic Energy Commission 


BS. Secondary Electron Emission from Surfaces Caused 
by Positron Bombardment. WiLtiam H. Cuerry, RCA Lab 


oratories (introduced by G \ Mort mm) The iverage num 
bers of secondat electrons below 20 It ener ed 
from an activated magnesium-silver' target | bardment 
with 940 volt positre } i | electro vere [ 1.6 
and 4.8, respectivel Th the elects et t ‘ 
efficient producers of secondary em Vith primary po 

trons, triple coincidence betwee en on of the econdary 
electrons and two annihilatio ( inta was observed The 


i 


quantitative results were derived from pulse-height distribu 


3 
ae 
A 
j 
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tions, the secondary electron pulse from each primary particle high temperatures as seen by Stewart was not principally the 
being amplified in a high-gain, low-background electron result of change of instrument resolution, as might be supposed 
» incl 


ided an electron The temperature history of the sample has no observable etlect 
tor and ke y on the angular distribution at a given temperature. Similar 


multiplier Phe vacuur iratus alse 
gun it positron iccelerato \ ocity ele 
1 a mica window for admitting positrons from extet measurements on fused quartz will be reported. The tempera 


an 
radioisot pe Additional « Kper i SY made with hur ture deyx ndence of the narrow component will be discussed in 


t photo ! rms ol conversion ino insulator The temperature 


dred-kilove po 


positive ion \ very la ! , ositrons in the energy dependence in Teflon is also being investigated with a view to 


interval 0-5 volt i Oo numbers t npat ward correlating the peaking rate with known structural 
vals at somewhat higher « l wer mitted? fi 00-A nges in Teflon at various temperature 
layer of chromium on m when ited by a Cu™ beta 
{ Defense 
pectrum 1 rrat ment wa I | y useful a i erat ' eme ith the Department of Defense 
99, S94(1.) (1955 


positron source for secondary emissi m irement 


Ph 12, 696 (1941 
t t 


ner mater 


B8. Influence of Pressure on Lifetime of Positrons in 
Amorphous Materials. K. Srumr, l/ntwersity of Kan 
When positron annihilate in certain unorphou material 


the decay complex, and two 1 lifetir observed 
B6. Angular Correlation of Annihilation Radiation in Cd 
Phe longer mean life, re, is a ociated with triplet positronium 


Single Crystals.* L. G. Lanc N. C. Hien, Carnegi 
formation. The lifetimes of positrons in water, Lucite, Teflon 

In tule f Te { ng the ipparatus o Lang et a 

ind polyethylene have been measured at pressures up to 60 000 

the ar I 1 Du ) gamma-ray pair ising from the 4 

| | rvst | change i it the ‘ pre ure ini l of 

annih ion oO sitro in ingle c1 i een mea - 
red tat 1 In both Teflon and polyethylene, a marked decrease in 

| tl | | ed with pre ire he decrease 7 

t t} lirect f tt roughly proportional to the volume change. It is proposed 

me aires ton Oo ¢ 

that the temperature variation of ry is mainly the result of 

wider than that corresponding to momentum 

ed th tl the variation in density, since varying the density by pressure 
¢ i it tly yYwi it 


Brillouin I ( of the wular distrib 


values of momentum will be given for an 
will | mpared with data tal B9. Positron Lifetime in Plastics as a Function of Tem- 

compared w 1 data iken on i m 
perature. J. G. Joun A. ByorkKLAND,* AND 


* This research is supported by the National Science | ndation A 4 Ml » \ / 4 |] 
ENIUS rth Carolina State College Lhe long 
Lang, De Benedetti, and Smoluchow 99, 596 (1955 » N 


gives comparable lifetime charges 


lifetime components of positronium in Lucite, nylon poly 


B7. Temperature Effect in the Annihilation of Positrons ethylene, polystyrene, and Teflon have been measured as a 


in Teflon.” R. L. pe AND W. T. Joyvner,t University 


of Maryland The effect of temperature on the angular di nicrosecond coincidence ystem employing pla th pho phor , 
¥Tefion with RCA 6342 photomultipliers and a Bell and Graham type 


function of temperature between 25°C and 200° \ milli 


tribution of radiation from positrons annihilating in 
has been remeasured with a constant instrument olution of coincidence circuit was used, Special motor-driven coaxial 
wite ‘ ction wit 
one milliradian, thus resolving a possible ambis y resulting witches and special programming circuits in conjuncts with 
Streeter-Amet printing register allowed data to be taken over 


4-hr period The temperature wa controlled to 4 ; ( I he 
result of these measurement indicate that the long lifetime 


from a change of instrument resolution in a pr of 
measurements by Stewart.' The contribution narrow 
component, attributed to the annihilation of positronium, is 
found to increase with temperature; the magnitude avres omponent varies directly a the absolute temperature 


roughly with Stewart, proving that the pronounced peaking at *? 
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B10. Scattering of High-Energy X-Rays. FE. V. Haywarp, National Bureau of Standards, (30 min 
Bll. Thermal Broadening of Gamma-Ray Lines. |’. 8. Moon, ity of Birmingham, lengland 
(30 min 
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Instrumentation, Mostly Nuclear 


Cl. Thin-Foil Calorimetric Transmission Monitor for High- = energy —corrections for secondary electron escape and for the 
Energy Particle Beams.* L. S. Skacas, L."H. LAnz., AND density effect nearly cancel the energy-dependent terms of the 
G. T. Woop, Argonne Cancer Research Hospital.—-A thin foil energy loss function. Thus, above 50 Mev, the response is 
can be used advantageously to measure the curre n is of energy-independent within 4%. A rate monitor will be 


high-energy particle from accelerator by orim ‘ ribed having a se ivity of 5-10°" amp and a time con 


methods. The monitor can be designed to have good s« ivity i f hom thick copper foil is used, and 
with small perturbation of the beam. I like ionization cham- ny i ! isn d with a copper-con nti ther 
bers, this type ts not sensitive to the duty cycle of the accel 
erator, and it appears adaptable to very high currents. The 


sensitivity for relativistic electrons is nearly independent of 


- 
. 
173 
*Thi ntrasts with the negative obs of 
L. Madansky and F. Rassetti, P Rev, 79, 397 (1950); discussed by R.A ‘ ” 
Ferrell, Revs. Modern Phys. 28, 312 (1956 ‘lee 
e 
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C2. A Study of the Imaging Properties of Crossed Quadru- 
poles. Reisman AND BeNnjAMIN M. Cornell 
'/nwwersity The optical characteristics of two crossed mag- 
netic quadrupoles have been studied experimentally, and the 
results obtained are found to agree well with values given by 
calculation.' The parameters of the system can be adjusted to 
give a short focal length lens which produces a good first-order 
image, free of distortion and astigmatism. For 40-kv electrons, 
a magnetization of 30 ampere turns, using pole pieces 7.5 em 
long with bores of 2 em, produced a focal length of 2 mm 


Ihe third-order aberrations of the system will be discussed 


‘Hh. M. Siegel and FE. Reisman, J. Appl. Phys. 28, 1453 (1954 


C3. Line Profiles from Extended Sources in Homogeneous 
Field Ring Focusing Spectrometers. G. 
University of California, Davis Phe analysis of a source geom- 
etry suggested by Beard! in a homogeneous field ring focusing 
betd-ray spectrometer has been performed with consideration 
given to methods possible for defining trajectories of rays 
emanating from an extended source. The results of the analysis 
indivate that the geometry of the trajectory-defining baffles 
necessitates an approximately linear relation between source 
extent and resolution so as to change the functional depend 
ence between intensity at maximum and width at half maxi 
mum of the line profile. The effect of the source —solid angle 
relation results in a dependence of the line intensity on the 5/2 
power of the resolution, The optimum source extent and pro- 
file height for a desired half-width of profile will be compared 
with those for geometries of DuMond? and Hubert.4 An im- 
provement of approximately a factor of two over previous 
geometries in intensity for a given half-width appears possible 

Beard, Re Sei. Instr, 28, 19 (1957 

7). W.M. DuMond, Rev, Sei. Inatr. 20, 160 

*P. Hubert, Ann, Physik 8, 662 (1954 
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C4. Design and Test of a Uniform Magnetic Field for Use 
in a Precision Beta-Ray Spectrometer.* |. A. JUNGERMAN, 
M. GArpner, P. G. LICHTENSTEIN AND C, G. 
University of California, Davis An end-corrected iron-free 
solenoid has been constructed which is designed to produce a 
magnetic field uniform to 1 part in 10¢ in a cylindrical volume 
188 cm long and 65 cm in diameter. Edge-wound copper ribbon 
is used to fabricate the solenoid and correction coils making 
possible a dissipation of 7.5 kw (which corresponds to the 
focusing of 5-Mev electrons) with a temperature rise of 6°C. 
Phe magnetic field produced has been stabilized! and measured 
using nuclear magnetic resonance. The results of these meas- 
urements will be reported. 

* Work supported in part by the U.S. Atomic Energy Commission. 


' DuMond, Bogart, Kohl, Muller, and Wilts, Report to Research Cor 
poration of Research and Development (March 1952 


C5. A Magnetic Analyzer for Nuclear Reaction Products.* 
Orro Meter, Jr., N. R. Frercuer, anp R. M. WILLIAMSON, 
Duke University -A magnetic analyzer for nuclear reaction 
products employing a sector-shaped uniform magnetic field 
has been built. The shaped sectors are inserted in the 8.5-in 
gap of a “C" shaped magnet with a 12-12-in. cross section 
In the notation of Cross! the sector parameters are p=15 in 
= 60°, gap width «1.5 in., = 22.5 in., =45 in., =46°38’, 
18°21’, max a=+3", max w=+1.6 
of the sector and the locations of the object and image positions 
were corrected for the etfect of the fringing field.? Fringing 
field focusing in the direction parallel to the magnetic field is 
not as strong as calculated. However, the maximum image 
height is 2 in., the height of the scintillation detector. The 
magnet is capable of bending 10-Mev protons and has a 
maximum useful solid angle of 1/2000 of 49 steradians. When 


the object width is 1 mm, the observed energy resolution is 


Phe boundaries 


SESSION 


1/400, Advantages of this magnet are npli« ol mmstruc 
tion and ease of adaptatior othe ‘ p ete 

* Supported by the t erg 

'W.G, Cr Ke Instr. 22 

7K. T. Bainbridge, Part V Exper nta lear Pi 
and Sons, In New f 1953 t 


Co. An Improved Velocity Analyzer.* M. 1). WaGner, J. A 
SIMPSON, AND L. M Vat 
order to investigate th tter 
the 20 


angle and to provide useful f ition ¢ | eristi 


ARTO ational Bureau of ndard | 
to 50-kev range witl ifficient re lutio energ and 
energy losse there ig need for an electron ve tv a lyzer 
with the following charactrist (1) ener esolut 

least 1 ev and preter ibly 0.1 «¢ ita tial ener, f 20-50 
kev; (2) tofu 
(3) well-detined 
radian. The 


t order indepe dent of power ippl tabilit 


fast detector ind specime ind dete r sh 1 bye dec 
Also the beam-det perture ld be ‘ th 

0.1 mm. An analyzer itisf g these req ents | bee 
constructed. [t consists of a decelera 
energy to a few hundred | i double y permane 
magnet analyzer and a re-accelera 
to give a resolution of 0.1 ev but limited at the present time 
to approximately 1 ev b 
beam. The desis cal 


di ussed 


* Supported by the Office of Ba Instrumenta 


C7. The Spherical Condenser as a High-Transmission Par- 
ticle Spectrometer. R. 1). Birkworr, R. H. AND 


J. S. Cueka, Oak Ridge National La ul Charged pat 
ticles leaving the inner phere with take-olf angle het wee 

oy, and a2 measured to the tangent plane ill form a ilar 
circle of least conf ion after traveling through the central 
angle 0a The electric field i made zero be ! i tlar 
split placed at this position Phe particle then travel i: 
straight lines back to an exte on of the line the point 


of departure and the center of the sphere ind enter a coaxial 
cylindrical counter placed tlong this line The trar j 

ed analytically with 
veen 160° and 180° and 


and energy resolution have been deter 


small angle approximatior for @ bet 


graphically for @ between 120° and 160°. Where highest tran 
mission is important, a choice of angle @ of 120° yields a trans 
mission of 29% at an energy re ition of 7%. For highest 
resolution and a @ of 170° the transmi 1.4% and energy 
resolution 0.19%. Post acceleration appears feasible just be 
yond the annular slit. The device may be useful also as a low 
energy X-ray spectrometer using a photoelectron radiator 


struck by an x-ray beam directed toward the center of the 
Finite ource limitatior line profile hape, and anti 


will be disc 1 ed 


spheres 
scatter baffle 


* Operated by | n Cart e Nuclear ¢ m 


C8. Particle Identifiation in Fine Grained Emulsions.* | 


Aumap,t P. Demers J.-L. Meunier,t Universite de 
Vontréal Linear grain density iseful betwee l and more 
than 40 times minimum ionizat (14 to 300 vra per 100 
uw). Grains in blobs can be counted with co lence as far as 3 
and even 4 grair ind blob length analysis reveals correspon 


ding maxima: 1 grain/length 0.18 yu, 2/0.45, 3/0.88, 4/1.12, 
§/1.32 Gap den ity, fractional ¢ 


blob lengths are useful as far as J 500 times m num and 


over. Maximum, of 135 gaps per 100 yw, occur at J=12 
Beyond J =600, gaps are absent but track width, then ra i 
above 0.18 uw, may be useful as a measure of ionization. The 
application to the identification of slow trac] horter than 100 
Mu will be discussed. Such ization measurement ind also 


scattering measurements, etc., are feasible with great accuracy 


| 
| 
t 
{ 
| 

al 


SESSIONS C AND CA 175 


over the whole range of practically any kind of track. This Cll. Vernier Chronotron.* H. W. Lrerevre anp |. 1 
may be useful in comparing the masses single particles.' ‘ Lt, Hanford Laboratori \ multichannel time dilter 
ilyzer with a digital output has been developed for 
rements in the millimicrosecond region. Uhe analyzer 
of two circulating transmission line with a single fast 
ireult between them, and associated gating cu 
cul circulating linet i precisely trimmed coaxial 
C9. A WF, Bubble Chamber.” | MULLINS, I ' ith its ends joined by a noninverting, saturating pulse ampl 
L. R. GALLAGHER, J. K. CHANG, AND J. M. Trem, Cal a her circulating pulse produces time marks at the input to 
Institute of Technology isity, high Z the comcidence circuit. By making the circulation period ot the 
Xe, appear to be very useful as bubble chamber two lire lightly different, the time marks are made to arriy 
However, the cost an vailability of Xe pre lude its exte \ livhtly different frequency thu dupli iting the action 
use, so a search was initiated for other heavy liquids. Follow in ordinary vermer. To deters e the interval between tnser 


estion of Glaser, we have tested SnCl, and Wt j tion of the pulses into the line it is only nece iy > count 


i UpY 


‘ full was operated in a 1.5 metal chamber wit the number of circulations before coincidence and multiply 


quartz windows at a temperature of 149 i ipor pressu by the difference im period of the line This analyzer has a 

tracks were obsery t temperatur il ity of 240 channels of l-millimicrosecond tntormation of 
of gl or Quartz is obset i correspondi y larg number of narrower channel I he 

the operating temperature ifter suitable drying and di number of very narrow channels is limited by a slow jitter mm 

tion of the WF, Inconel and Monel metals were also un the period dillerence of about 1074 my. Analyzing speed ts 300 

affected. The measured density at the operating temperature ¢ my per channel. This analyzer has been developed primarily 

2.42+0.5 indicate i radiatio length of 3.8 om and a 189 for Ve irement of neutron eneryy by time of flight 

higher stopping power than Xe. SnCh, which operated r 

65°C and 275 p ind SnBr,y were le desirable because 

corrosion ind ealing problem it their higher opera 

temperature \ 12-in. WF, bubble chamber is under co C12. Information Efficiency, a Figure of Merit for Radia- 

tion Detectors. Kicnarp L. Vaval Ordnan 

Laboratory he performance of detectors has been discu 


struction 


rted th 


using information theory.! That work is extended by assumung 
Perl, Ph Re 102, 586 (1956 the detegtor to have a re potisivily with a single tine onustant 

ind a nose pectrum of one of three classe (a) that, (b) 

C10. Use of Photon Counters in Investigation of Photo- c) single time constant spectrum. Exact expression 
sensitive Surfaces.” 11. 0. ALurecut AND C. kb. MANDEVILLE, ire derived tor the information capacity, Cy (bits/sec), and tor 
Jartol Research Foundation Ultravoilet ensitive Geiger the noise-equivalent power, /’,, a8 a function of band width 
counters show a marked in in photosensitivity and a These are used to evaluate a quantity which we call informa 
hift in re ponse toward lon vavelength continued tion ethiciency, 8 C,/P, Cit ec)/watt, which is a measure 
i 


or after a glow di Hyadre ol the bits of information received pet joule of incident energy 


how marked ¢ whereas litth > i for Af (fy, tt has a maximum 


in count filled with pure oxy or nitrogen or other r Af=f,; then it decreases for Af>f,. We can expre 4 
Cathodes of copy platinum, si ind electrically n terms of either the maximum detectivity 2), or Jou 
! ave ilar result It is conjectured that thi or Jorn fivures of merit ky and ky along with the band width 
photos ; resides in an adsorbed la of molecules or ind time constant. In special cases 9, is equal to D) Ry or 
radicals on the counter cathode. Recomb on in the layer r (McAlister relation). However, information effin 
may explain the presence of spurious counts. Some preliminary re general figure of merit than these and can be usec 
data will be presented pes of detectors and under ill condition 


PHURSDAY MoOrNING AT 10:00 
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M. L. GOLDBERGER presiding) 


Theoretical Physics I: High-Energy Physics 


CAI. Study of the Hypertriton.* B. W. Downs, Cornell deuteron is far from being bound.’ If the rang thi hort, 
miversily jation method is used to set an upper limit the hypertriton i ’ y symmetric structure oO ompact 
the 1 ol it reac required to tha i the trite ‘ miu h mialler binding energy 
! the hypertrito ilts obtained are general agreement with the preliminary 
Che proton an utre umed to be i triplet S state results of Dalitz.? 
and the A® 1 on 1 nd p int tion taken to be a 
Yukawa potenti I ( ct the depth of the required 
potential and the iT the decrease with increasing 
range. For a rat mall as the K meson Compton wave 


length, the conventional well depth par ameter for asystem ol a 


A® and one nucleon ts k than 0.8, indicating that the hyper 


| 
4 if 
. 
te by the t program of the Office o il Keseare! thee nduchimty Conference, edited ue 
I \tor Energy ¢ nd Sor New Vork, 
ti 
: 
the: 
The present work is continustion of work started by Dalits 
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CA2. Binding of Hyperfragments. Murkay PrsHKIN AND ferred, there does not seem to be any conclu 
Laurin M. Brown, Northwestern University.-Observed rule out the altern: ver 
hyperfragment binding energies have been used to calculate cause the mesic cha 
the A°— N interaction strength, assuming short-range central nucleon for PS but 
ordinary forces of slow protons i 

tial car ” expected to on j the 
a(f) 1.84 1.67 1.61 140 2.78 2.67 3.04 2.94 so" : 
U(Mev f*) 824 720 715 590 1480 1390 1910 1800 


interaction and ts attra ily for states 
even in spin and isotopic 

The shape and the radius a of the nuclear core were obtained Yang! S states of this ty inihilate with an ey imber of 
as follows: ,H* and ,Het, Gaussian with Coulomb energy mesons. The annihilation i , vhich would give an 
radius; alle®, ,Li’, «Be, electron scattering data for He‘, Li*, odd number of mesons, is inhibited by tl mg repulsion of 
Be*. The smaller radius for each species is corrected for the — the potential. For PV coupling the situ n woul reversed 
proton charge size. U is the volume integral of the interaction and the decay would be 

potential. The results for H and He agree with Dalitz's earlier assuming again only an 

calculations.! While the Li result is consistent with his sug 
gested spin dependence (zero or repulsive force in the dis 
favored alignment) the Be case is clearly inconsistent with any 
such force, unless the assumed radius is reduced by 30% 
Phese conclusions are independent of reasonable variations of 
the assumed radii and binding energies, except for the radius 
of the core. 


CA6. Pion Production in Pion-Nucleon Collisions.* k 
STERNHEIMER AND 5S. J. LINDENBAUM, Brookhaven Nat 
Laboratory The i on f pion 
pion-nucleon collisior i! it energies below 
assumed to arise from the exci ion of the 1 

'R. H. Dalitz, Proceedings of the Sixth Annual Rochester Conference 7 J state by ti ncident 
(Interscience Publishers, Inc., New York, 1956), PION, 
subsequent decay of the isobar into a nucleon and 


probability for forming isobars with various n 


CA3. Relationship between Phase Shift Analysis and Clas- 
sical Black Sphere Model of High Energy p-p Scattering. 
W. Rarira* anp P. Scuwep, RJAS.-The range of applica 
bility of the formal black sphere diffraction model to p-p 
scattering in the high energy region under 1 Bev has been 
determined by consideration of the experimental results of the 
Brookhaven group.' By taking this model literally an expres 
sion for {(@), the angular dependence of the scattered wave in 
the asymptotic region, has been obtained and represented in 
terms of Legendre polynomials to determine a phase shift 
analysis for this case. The comparison with the earlier phase 
shift analysis? made directly upon the experimental data will 
be presented and the physical significance discussed 


m (=total energy in isobar rest system) ha 
total w* p scatter ectio ind 
space by a method similar to that pre 
production in nucleon 

tion of isotope pl i 

pion charge tate have been obt 

present model for the pion and 

and for the angular correlations will be 
of Walker et al it 1.0 Bev and the data of 
1 37 Bev inc ident pion energy 


ompal 


J. Lindenba 
* Also at Brooklyn College *Walker, Hushfa 
Smith, McReynolds, and Snow, Phys. Rev. 97, 1186 (1955) Kkisberg, Fow! 
1W., Karita, Phys, Kev, 104, 221 (1956), Phys. Rev. 97, 79 1 
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CA4, Phenomenological Two-Nucleon Potential below 150 CA7. Regular Pion-Hydrogen Phase Shifts.’ 
Mev.* I’. S. Signet AND R. E. Marsuak, University of ann E. LOMON. Cornell Universit The 
Rochester. Gartenhaus' has derived charge-independent from 120-217 

two-nucleon potential using Chew's cut-off model. The simply with 

Gartenhaus potential (consisting of central and tensor parts) straight-line extrapolatic 

gives a good fit to the low-energy data, but is in sharp disa the Track t eclutip 

greement with nucleon-nucleon scattering experiments in the 

90-150 Mev region. Since large moditications of the central thereafter 

and tensor potentials do not improve the situation® and since [¢ can vary betwee 

there are many indictions of nuclear spin-orbit forces, the aT ET aa 

effect of adding a short range, singular spin-orbit term to the ee it 194 Me 

Gartenhaus potential has been investigated, Exact phase phase shifts obtained by 

shifts were computed using an IBM 650. If the added spin- resulting angular distribut 

orbit potential has the same sign as in shell theory, the agree- agreement with experim 

ment with both the polarized and unpolarized scattering data Mev. The D-etate conte 

at 90 and 150 Mey is greatly improved The opposite sign for is possible to improve the 

the spin-orbit force yields complete disagreement with experi- 
ment. At energies above 200 Mev, the comparison becomes 
progressively worse for the same choice of parameters. An 


attempt is being made to improve the higher energy predic- 
S. Margu 


have 64; 


tions. 


* Supported in part by the U.S, Atomic kaergy Commission, 
1S, Gartenhaus, Phys, Rev, 100, 900 (1955) yi si0 els > 
2See M.S. Wertheim ef al., Phys. Rev. 104, 764 (1956); H. Gelernter, CA8. I n Relations for Forward 
Phys, Rev, (to be published). Scattering.” 1). A. Gert tut 
A rigorous proof 


CAS. Determination of Pion-Nucleon Coupling from the = scattering, given by 
Annihilation of Slow Antiprotons in Hydrogen. Ricnarp A mesons and spin o 
FerreLL, l/niversity of Maryland.- Although the pseudoscalar (2.13) and (2.14) ¢ 
(PS) coupling of the pion and nucleon fields is generally pre- — by the Jost procedur 


: ‘ 
; 
ive evidence to 
coupling. Be 
I 
hilation 
een these two 
exchange poten 
ton 
: 
the 
Phe 
values 
sds i related to the { 
i lable phase 
y ised lor pion 4 
iming ce erva 
redictions of the 
entum spectra 
he d th the data 
kisberg et al. at 
Vork pert under the auspices of the U, S. Atom nergy (om 
d R. M. Sternhe Re t ed 
I i 
aes ind Shephard, Ph K 104, 526 (195¢ 
$55). 
= 
H. Y. Curt 
An ttering data 
pl ise hift > 
lose to 
ist mono 
i 
69 Mev and 
i from ze 
he straight 
Roe 
4 er eifit 
ind also to 
ae letroy » Ale Be I s. Rev. 95, 1587 (1954 
| Pion-Nucleon 
for forward 
a ipplied he case of pseudoscalar a 
half nuclec It fo that 
by Goldberger® can be obtained exactly f 
; e. One can also show the eqiuvalence be 
| 
4 


SESSIONS 


tween the Jost and Symanzik* proofs for the case considered 


by Symanzik of mesons inteacting with scalar nucleons 


ix ray 
1956 


Re 99 ORG 
n relat fort 


1955 
rward scatter 
CA9. Dispersion Relations for 
J. J. Sakurat, Cornell Univer 
pin-G K 


Nambu-Chew form m 


K-Nucleon Scattering. 
Dispersion relations for the 
ire ce rived along 
under the 
ufficient to characterize 


scattering of nucle 
the lines of the 
that strangene pin are 
the internal state of the A parti le 


theorem in pion 


assumption 
and isotopi 
A theorem analogous to the 
attering is shown to hold 


cTo ing leon 


between sound 


state 


scattering matrices of ppo tranygeness 


contributions arise at the c.m energies equal to the 


and have the Born terms con 
since energy 

+a 
My T pA, 
Va fe, lor 
which analytic « If the spin of the 
Y(} A or 2) and the relative parity of the Y and the A are 
unspecified, tant that the 
strength of The final dispersion equa 


A and 2 masses, structure of 


strangerne 
uch as K 


below the zero projectile energy 


istent with the conservation of 


momentum-conserving real processes 
can occur at energies 
contributions starting at 


there are continuum 


ontinuations are necessary 


two con characterize 


the AYA 


a profound asymmetry between the AK* 


appear 
interaction 
reveal nucleon 
interaction and the K 


conservation ol 


tions 
nucleon interaction arising from the 
strangeness 


* Supported i art by a join of the Office of Naval Research 
and the | ymic nergy Com io 

Phy Ke 100 ( 
Springer-Verlag, Berlin 


ogram 


‘vv. Chew in Encyclopedia 
Physics 

CA10. Bound State Contribution to Dispersion Relations 
for the Scattering Matrix.* James M. KNIGHT? AND JouN S 
Pout, University of Maryland derivations! of the 
dispersion relations for the 
fixed, finite, 


Previou 
cattering matrix for a relativistiv 
particle scattered by a pherically symmetri 
scatterer can be modified to include interactions which permit 


tate \ typical bound 


a simple pole at w 


bound tate of energy hws introduces 

wa in the corre ponding element of the 
For the ground state, this pol lies on the 
this 


introduced, which adds one arbitrary constant to 


cattering matrix 


real frequency axis; to eliminate ingularity, a factor 


lw wy) is 


‘THURSDAY MORNING AT 


Cc 


A AND D 


the resulting di persion relations? Metastable states correpond 
half of the 
no alteration in the derivation or tinal form 


to singularities in the lower complex frequency 


which cause 


plane 


of the dispersion relations. Examples and applications willbe 


f Scientific Research 


1 Knight im. Phys. Soc. Ser 13 (195) 


s. Rev, 104, 1760 ff, (1956), Sec. Sib 


CA11. Dispersion Relations for Nonrelativistic Particles.* 
Davin Y. Wona,t Varviland If the 


function of a nonrelativistic parti le satisthes the Schrédinget 


University of wave 
equation with a velocity independent potential, then its scat 
(and the S the 
those scattering ot 
‘In the present derivation, the validity of a perturbation 


tering amplitude matrix in general) satisfy 


ame dispersion formulas a derived tor the 


light 
expansion and certain integrability of the potential are 
assumed, and the requirement of the outgoing wave Green's 
function replaces the condition of strict causality for the scat 
tering of light. The scattering amplitude for tixed momentum 
If the 


the dispersion 


atisty the di persion relation 
states then all 
are modified to include residue terms corresponding 
of the 
related to 
small 


transfer is also shown to s 


potential Possesse bound 


formula 


to singularitic on the po itive imaginary momen 


tum plane. The necessity of these modifications are 


the perturbation series for wave 
of the 


no additional 


the divergence of 


numbers. Essential singularitic S matrix resulting from 


exponential potential contribution 


to the dispersion formulas 
y the U.S. Air Force 
hu bellow 
mg and John S, Toll, Ann. Phys. (to be published 
CA12. Covariant Statistical Mechanics of Multiple Boson 
Production. A. O. Barut tatistical 
theory of multiple meson production is formulated in a co 
the model of 


Syracuse University he 


variant form, 1. tatistical equilibrium envisaged 
is the 


Clint mile 


ame for all Lorentz frames. Covariant grand canonical 


ire u ed and all the conservation laws are con idered 
tate 


Energy and angular distribution of bosons, the 


Phe formation of intermediate isobaric can also be taken 
mito account 
limitations of the 


held theory 


tatistical method and its relation to the 


will be discussed 
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Sheraton-Park, Continental Room 


(W. F. presiding) 


Interactions of Medium-Weight Nuclei 


D1. Measurements of Proton Strength Functions.* J. I’ 
SCHIFFER AND L. L, Ler, Jr 
The averag yield from 


proton stre 


Irgonne 
(pn) reaction 
values Wa VE gth function 

umed that the react 
sufficiently low 


that the com 


compound nuclei. It was a proceed 


primarily by way of a compound 


bombarding were chosen 


pour d nuclei were formed predom nantly by wave prot 
performed for 


An Cant 


urement have bee 


37 and 90 


milar work with inelasti 


rements of ['n°/D from neu 


D2. Cross Sections and Thresholds for (p,n) Reactions in 
Intermediate Nuclei. ©. H. Jounson, A 
J. P. Unricu,* Oak Ridge Laboratory 
ections for (p,n) reaction been mea 


(,ALONSKY, AND 

\beolute 
ured for 12 
intermediate nuclei form Cl” to Nb® for proton energie 
threshold to 500 kev hold 
detected by 
urrounding the target The cro 


Vational 


have 


from 


ibout above thre veutrons were 


a group of BF, counters embedded in parathin 
sections for V* 


were al 4) 
i large 


These 
tion of 


the activation produced Th 
tandard Sb-Be 


determined the 


measured by 
MunSO, 


cTo 


Comparing 


olution with that by i ource 


ethoency as a tune 
embly. Cro ections range 
hold for Nb“@(p.n)Mo® to 

hold for This 
results primarily from the variation in 


will be 
, thresholds previously 


the counter a 
thre 
thre 


neutro 
fron 10 * m ist 
bee 


ibove 
Som it ibo ‘ 
ranye ot cro ection 


( oulomb 
tistical theory 


barrier a comparison made with the sta 


bor the twelve reactions 


* Assisted by the \ir Fore Office 
National Science t 
1J.S. Toll, Ph 
aC 
me 
- 
; 
ip 
as 
“4 
- 
4 
nuclei betwee i factor of three j 
in the value of ¥?/D is indicated in going from A~40 to 
rther stud particularly >65. are in pre 
A ) Furthe p ly for A ) ire in progre 
hese results may be compared to 
tron scatter experime t 
ted the ‘ ( 
I I er. 11, 2,60 (195 


unobserved are: Se’ (pn)Br™, 217544 kev; Se®(p,n) Br, 
<930 kev; and Nb®@(p,n)Mo”, <1300 kev. A new measure- 
ment of the Sb™ half-life, 60.14-0.5 days, was determined by 
comparison of two Sb-Be sources calibrated! at times separated 
by 265 days. 

* 1956 summer participant from the University of Michigan 

' We are grateful to J, A. De Juren and J. Chin for these calibrations at 


the National Bureau of Standards 
*W. Hauser and H, beshbach, Phys. Rev, 87, 466 (1952 


D3. Photodisintegration of Neon. J. Warren* ann J. 
Hay,t Austrailan National University, Canberra.--A_ pro- 
portional counter, tilled to 4 atmos with pure neon, and a 
cylindrical gridded ionization chamber, filled to 9 atmos with 
neon containing some helium, have been irradiated with the 
y-ray flux from a thick lithium target bombarded with 500 
kev protons. Pulse-height analysis led to the assignment of the 
following photodisintegration cross sections: Ne® (17.6, a)O"*, 
0.47 10 to ground state of O', 6.3 to the 6.06 and 
6.14 Mev levels, 17 10 to the 6.91 and 7.12 Mev levels, 
Ne®(14.8, 0.81 10° to ground level, about 10 10° to 
6.06 and 6.14 Mev levels: Ne®(17.6, p)F™, 200 to ground 
and 110, 197 kev, low-lying levels of F, about 30 10°% to 
1.35 Mev level: Ne®(17.6, aJO", 7.2 to 10°-™ to ground level 
fhe Ne®(y,a)O" cross sections are in good accord with the 
selection rules for photodisintegration of an even-even nucleus, 
as deduced by Gell-Mann and Telegdi 


* Now back at University of British Columbia 


ow at Harwell 


series ol 


WALL, 


elastic 


D4. 7.5-Mev Elastic Proton Scattering.* 
MIT.—-We have recently measured a 
proton angular distributions at 7.5-Mev proton energy from 
selected elements between Al and In.' We wish to show that if 
one assumes that nearby elements are all represented by the 
same complex-potential well that the differences between 
adjacent clements can be interpreted in terms of the com 
pound-elastic scattering contribution, In particular even-even 
nuclei show a larger effect of this compound-elastic scattering 
because of two facts. The first is 
strated,? the effect of the higher (p,n) thresholds reduces the 
emission by the 


that, as has been demon 
number of exit channels available for neutro 


compound nucleus. Secondly, the number of levels in’ the 


vicinity of the ground state of even-even nuclei ts 
and therefore, assuming the branching to any one state de 
pends only upon the total number of states available, the 
to the ground state will be 


much lower, 


compound-elastic contribution 


greater for such nuclei 
* This work was supported in part by a joint program of the Office of 
Naval Research and the Atomic knergy Commission 


Waldorf, thesis, MIT (1956 
\. Preskitt, Bull. Am. Phys. Soc. Ser, 2, 34 (1957) 


DS. Further Evidence for a Coliective Model for Al*®. 
D. A. Brominy, H. Gove, A. LITHeERLAND, AND E 
Acmovist, Chalk River Laboratories strong-coupling 
collective model for Ar requires the existence of a 7/24 
fourth member of the K «1/2 rotational band based on the 
1/2+ first excited state at an excitation of about 2.8 Mey 
Detailed coincidence measurements at the 1.66-Mevy 
ance in the Mg™(p,y)AP® reaction have shown three new pri- 
mary radiations of 1.16, 2.07 ,and 2.27 Mev from the 5/2+, 
3.88-Mev capturing state to states at 2.72, 1.81, and 1.61 Mev 
That to the 1.81-Mev state is in coincidence with the pre 
determined cascade this state; the 
1.61- and 2.27-Mev radiations in coincidence 
corroborates the previous assignment of the 1.61-Mev radia 
tion to the de-excitation of a 1.61-Mev state in AP*®. The 1.16 
Mev radiation is in coincidence with a prominent gamma ray 
of about 1.80 Mev and weaker radiations of 1.36 and 2.72 Mev. 


reson- 


viously de-excitation of 


observation of 


SESSION 
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This 1.80-Mev radiation can onl part be attributed to de 
excitation of the 1.81-Me. tate since he rres| ling 1.46 
Mev cascade is too weak. We conclude that a new state i \! 
at an excitation of 2.724-0.040 Me volved whict } be 
the analog of the 2.742-Me tate My hicl ‘ 

characteristic tripping patter the | 
reaction, suggesting high spi [he new Al tate de- te 
strongly via the 3/2+ state at 0.95 Mev id weak! ia the 
§/2+, 1.81-Mev st ‘ 5/2 ground 


Do. Evidence for a J=2+4 Assignment fer the Second 


Excited State of H. E. Go E. 


E. B. Chalk River Laboratorie Che re 
has been employed to measure the « : vamma-t heanch 
ing, and spin and parity of the second ¢ ted state of Che 
measurements were made at the ell-| ‘ est eat 933 
kev. No alpha part le ire emitted at th re ( ind 
direct gamma-ray transiti« to the ground stat e ke th 
1/4% of those to the first exicted state inte ind the 
angular distribution of the latter ha 5% Pe te } 
formation along with elastic scattering data dicate 
s-wave formation and an assignment of 3+ for the rese nee 
lransition ire observed to the ‘ md ¢ ted fate 
with an intensity of about 12% of t e to the { é ited 
state at 1.78 Mev. Coincidence me ement cate that 
the second excited state has an ener 1.60+4-0.05 Me ind 
that it emits gamma rays with approximately equal probability 
to the ground and first excited state \ oe cle e angular 
correlation measurement of the 4.6 Me gamma ray with 
respect to the primary showed i otropy to witl "7 and thi 
measurement combined with the branching rat I i 
assignment of 2+ for this second excited state 

' Shoemaker ela Pp Re 83,10 1951 

? Bender et al., Pi Re 76, 273 (1949 


D7. Low-Energy Levels of Al from the Reaction 
E. ALmovist, 1). A. Bromiry, H. E. Govi 
AND A. LITHERLAND River La ie The yield 
of gamma radiation of 0.84 and 1.01 Mev from the f 

Al? reaction have been mea 
+ to 2.8 Mev. The 0.175 
Mev to the Mev level \! letected 


oltage gate set on the O.84 


Chalk 


ired for | le prot ene ‘ 
in the range 1 
from the 1.01 
in coincidence 
the triple 
within 5% These mea 
constitutes a 2.340.3% branch in the de-« tat f the 1.0] 
Mev level in 
Lazar.' At all resonance examined th far. the 
radiation had isotropic angular distribut while 
Mev radiation at sone { these 
gether with the Mg?’ beta-deca eme 
of the 1.01-Mev 
O84 Compari on of these re ilt vith tl ef 
nuclet and with the 


(). 84 
with i 


angular corelatic 


igreement w 1 the bse it) f d 


tate at 3/2 and st | goost f 


predict of irrent ‘ lels will 


be presente d 


I nand N. K 101, 1324 


D8. Proton Gamma Angular Correlations in the Si 
Reaction.* H. A. Hitt ano J. M. Bia , f Min» 
sola The p ingular correlat is be 
proton groups from the Si®*(d,/ react 
to the 1.28 and 2.03 Mev levels of what foll / 
the deuteron energy ; a is the angle betwee he letect 
and deuteron beam; @ is the angle be ‘ ‘ | 
direction : @ is the ang le 
the Si® recoil and deute beam and the othe " gy the 
Si” recoil and ra direct 1 We 


correlation function. Assuming W(6@,@) has the form 1 +4 


ac 

| 

= 

| 

| 
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for the 1.28-Mev k tind for & 
$5 135 d 315 that a 
+-0.07 0.02 +0.0§5 


Mev, a =35°, and 

0.04 40.08, 

0.06+4-0.06. and 0.01 40.03 
respectively. The results obt ed for the ime ley 
i] 2.90 Me ind 135 ilso istent with thi 

tially dillerent ilt 

i ime for the 

we tind tor 

290 P ¢ 5 } l 1.63+0.18 and 

h 1.54+40.18 For ve observed that 

W(0,@) ha id depe ler (45°,0°)/W (45°, 180") 

1.15+0.06 


D9. Nuclear Levels in P® and S*.t C. H. Paris, A//1 
AND C. VAN DER LEt AND P. M. ENpt, Utrecht University 
The proton and ilpha-particl groups re ulting from the 
deuteron bombardment of thin SbeS taryet have been studied 

of 90 and 1340 ind at a deuteron 

deuterons were accelerated by an 

d the secondary charged particle 

ad-range magneti pectrograph and 

detected ir I The ilue of the S®(d,a)P* 
reactho 5 \ I vels in P™ are observed at (0.69) 
0.71, 1.45 2.94, 3.02, 3.73, 3.84, 3.93, 
4.15, (4.19), 4.24 31, and 4.39 Mev. The group leading to the 
vel at 0.69 Mev it 90° an intensity of 10% of the group 

leading to the level, while the intensity at 130° wa 
maller than 3 a ith of the group leading to the 
».94- and 4.19-Mey vels were about 30% of the average 
rite tv of the other group The low intensity of the group 
le © the level at 0.69 Mev can be « xplained by assuming 
that this level 1 he expected low-lying 7 1 level in P* 

Thi i mption is in agreement with recent experiments on 
the )P* reaction, The value of the reaction 
is 6.41 Mev 


t This rk 


Naval Resear 


D10. Excitation Function for the Reaction Ca“(p,p'x) and 
Levels in Sc*.* R. Bent, H. Kruse, and L. J. Liporsky, 
Columbia I versity The yield of electri monopole pairs 
from the Ca“(p,p’w) reaction has been measured as a fun 
tion of bombarding energy , 6.0 Mev The 
pairs, re ulting from the decay the O* excited state 
of Ca® to the 0* groune i were detect with a “well 
cintillation pal ectrometer Weal onance ik 
yield pa Oto were observed $4.42, 4.74, and 
4.90 bombarding ergy. Resonance ibout 20 time 

5.02, 5.09 Mev and higher 
were observed between 5.0 
\ll widths were le than 
Preliminary estimates have 
ti partial widths, y?, 
protons a R=1.2K10 
to 3X10°" kev cm 
f the Wigner independent 
vay for ill states is 1.510 
ti av? a value 


beer n for the 


are thought to be 


D11. Energy Levels of H. A. ENGe anp D.H.WEANER, 
WIT.—Using the MIT-ONR broad-range spectrograph, the 


reaction K™(d,p)K® has been studied at fourteen reaction 
ingles from 10 to 130° and with an input energy / 6.0 Mey 
[he target was natural KI K") on Formvar \ 
umber o proton groups were observed lentative informa 
ion about ten relatively group that ca ln 

K* is given below. The orbital angular momer ot the 
‘ iptured neutrons have been found by stripping 
the angular distribution data 

f Me 5 566 5.549 4.774 46081 

yn 134 143 105 197 


Mev 4.524 4.502 4.468 O45 
l 


( Max count 4400 4000 1000 1150 50 


The Q values for the first four groups are in good agreement 
th previou measurements by Buechner et al pun 
igaments previously® given for these four groups appx 

be wcordance with the relative intensitic (maximum 


veu ibove 


Re 04, 74001 1054 


D1i2. Excited States of and M. Mazani, A 
SPeERDUTO, AND W. W. Buecuner, Thin cobalt target 
have been bombarded with protons from the ON R accelerator, 
and the proton and alpha-particle groups were studied with 
the broad-range pectrograph Observations were made at 
everal dillerent ingle and bombarding eneryu the 
proton groups, forty levels in Co™ were measured in the region 
of excitation up to 3.7 Mev, the first six of which are at 1.097, 
1.189, 1.289, 1.432, 1.458, and 1.479 Mev. Of these, only the 
first and third had been previously reported. The ground 
tate 0 value for Co™(p,a)Fe™ is 3.24240.012 Mev. Six other 
ilpha-particle groups were observed and the corresponding 
excitation energu in Fe are in excellent agreement with 


those obtained from studies! of Fe®(p,p’) 


D13. Angular Distributions of Protons Scattered from In''* | 
R. D. ann W. W. Burcuner, The angular 
distributions of the absolute cross sections of proton cattered 
from thin natural indium targets have been measured. An 
incident beam of 7-Mev protons from the MIT-ONKE ele 
trostatic accelerator was used. The scattered protons were 
inalyzed with a broad-range, uniform-field, magnetic spe¢ 
trograph and were detected on nuclear-track plate The 
elastically scattered protons, as well as those inelastically 

ittered to four levels in In'*, were observed. The four level 
are at 1.982, 1.292, 1.335, and 1.078 Mev. Only the 1.292-Mey 
le el has pre iously been reported. The absolute cro 
vere determined by measurement on a weighed target 
by relating the elastic yield at 7 Me to the yield at k 
energie where the predictions of Rutherford scattering are 

ilid. The elastic distribution deviate form the Rutherford 
distribution, The inelastic distributions for the three low 
energy states exhibit forward maxima, while the 1.982 
distribution is approximately isotropic. All levels have cro 
ections of the order of 0.1 mb per sterad. It appears likely 
that a direct interaction proce enters into the formation of 


these state 


179 
a 
2.825 
be 
* This work supported in part by the Office of Naval Research and the 120 : ae, 
ttt work has been su te t by the t pres f the 
Hue lute, Browne, and Bockelman, I Rev. 91, 1502 
1954 
1H. A. Enge, Phys, 
; 
hs 
NEEM ch and the U.S. Atomic Energy Commissi rig 
t This work has been supportedmby the joint progr the Office “ae 
Naval Resear ind the t Atomic bnergy Com 
V. W. Buechner and A erduto, Bull Am. P er. 49 
1956 
% 
of where D 10 kev h 
iverage level spacing. These estimates le 
accurate to within about a factor of 2 m4 
Kruse, Bent we, Ser. 11, 2,29 19 
t Th work ss bee i rted in part by the j t program f the ‘ 
Office of Kew the t tomic Energy Commission 
w with Lockhee ft ratior 


180 SESSIONS 


THURSDAY MORNING AT 


DA 


AND E 


10:00 


Sheraton Hall 


(A. V. ASTIN presiding) 


DAI. Problems in Meteor Physics. E. J. Or1k, Armagh Observatory, Northern Ireland. (30 min 


DA2. Cosmic-Ray Evidence on the Origin of Meteorites. S. F. Sincer, University of Maryland 
DA3. Primary Helium in the Cosmic-Ray Spectrum. M. M. Suariro, | Vaval Research Labor 
tory. (30 min.) 
DA4. Solar Cosmic Rays and Their Propagation in Interplanetary Space. J. A. Simpson, Univer 
sity of Chicago. (30 min.) 
THURSDAY AFTERNOON AT 2:00 
Sheraton-Park, Continental Room 
(D. M. VAN PATTER presiding) 
Interactions of Light Nuclei 
El. Proton-Proton Scattering at 40 Mev.* Donatp A. 40-Mev protons, which indicates an inelastic cro ection 
SWENSON AND LAWRENCE H. JOHNSTON, University of Minne- about } of geometrical for sodium iodide 
sola, The differential proton-proton scattering cross section 
Supported in part by the t ray ¢ 


has been measured at 40 Mev using the Minnesota Proton 
Linear Accelerator. The scatterer is hydrogen gas at a pressure 
of one atmosphere. Two external large-scale detector telescopes 
are articulated to the scattering chamber by means of vacuum- 
tight ball-joints. One telescope covers the angular range from 
4° to 20° (lab angle) with +4° angular resolution. The other 
covers the angular range from 10° to 60° (lab angle) with +2° 
angular resolution. Protons are detected by a single thick 
Nal (TI) erystal. The incident proton charge is collected in a 
Faraday cup. Preliminary data will be presented with 40 000 
counts per point. The differential cross section goes through 
a minimum at 10° (lab angle) because of the Coulomb-nuclear 
interference, then rises by a factor of ten between 10° and 4°. 
A preliminary phase-shift analysis! indicates the necessity of 
including substantial #79, #7, and *P?, phase shifts in order to 
fit the data. A tensor component to thé interaction is explicitly 
indicated by substantially different values for these three *? 
phase shifts. 


* Supported in part by the U.S. Atomic Energy Commission. 
'H, Pierre Noyes (private communications), 


E2. Inelastic Reaction Cross Sections in NaI (T1) Crystals.* 
LAWRENCE H. JOHNSTON AND Donato A. Swenson, Uni- 
versity of Minnesota.—-When a thick scintillation detector is 
used to count protons of homogeneous energy greater than 
10 Mev (as in the above P-P scattering), an appreciable 
fraction of the protons make inelastic nuclear reactions in the 
scintillating material. This fraction produces substandard 
pulse heights in the detector output. Hence a monoergic beam 
of protons produces a pulse spectrum with a low pulse-height 
tail; so if pulse-height discrimination is used in counting 
protons, a correction is required to allow for the small pulses 
not counted. This correction was determined for protons of 
40, 28, and 10 Mev by producing a }-in. wide beam of protons 
free from low-energy components and letting it strike the 
center of a }-in. wide Nal (T1) crystal detector under conditions 
of negligible background. The ‘“‘pure’’ beam was made by 
first collimating to 0.1 milliradian and magnetically analyzing 
to reject slit-scattered protons. The ‘tail’ thus determined is 
most intense at low pulse heights, so the correction is quite 
insensitive to the discriminator setting between 70% and 100% 
of the elastic peak. The counting correction is +2.0% for 


E3. Observations of an Excited State in He* from the 
Scattering of 22-Mev Neutrons in He*.* T. SONNER, 


F. W. Prosser, ]r., AND J. H. SLarrery, The Rice Institute 

Using monoenergetic neutrons from The Rice Institute Van de 
Graaff accelerator and a He-filled ionizatio ter, a 
resonance has been found in He®at a laboratory neutron energy 
of 22.15+0.13 Mev. This resonance wresponds to an excita 
tion energy in He® of 16.72+0.10 Mev, which is nearly the 


same as an excitation energy of 16.69 for the ma ium in the 
I (d,n) Het cross ection. It seems likely that the two resonances 
correspond to the same level in He®. The neutron scattering 
experiments indicate that the level in He® has a width equal 
to or less than 120 kev, which width is much narrower than 
the ground state of He®. Such a state in He® probably corr 

sponds to a §* level made up of two neutrons and a proton in 
the s shell and one proton and one neutron in the p shell 
Such a configuration would explain the large deuteron reduced 
width of the T(d,n)He‘ reaction and the small neutron width 


* Supported in part by the U. S. Atomic Energy Commis 


E4. Reaction Li*(a,7)B".* S.S. HANNA AND Luise MEYER 


ScHUTZMEISTER, Argonne National Laboratory Phe ld of 
gamma rays from the Li*(a,y)B" reaction has been studied as 
a function of angle and bombarding energy from E, =0.70 Mev 


to 2.0 Mev. At the prominent resonance at Ea, =1.18 Mev 


(Eex =5.16 Mev), the transitions are primarily through the 
first excited state at 0.72 Mev and the third excited state at 
2.15 Mev in B”. Angular distributions of the 4.44 and 3.01 


Mev gamma rays are of the form 1+ A+. cos%, with Az 0.18 
+0.06 and 0.22+0.06, respectively. No evidence was ob- 
tained for capture into the state at E,, =5.11 Mev, in agree- 


ment with the observation of other investigator 


will be discussed in terms of assignments to the « 
of B®, 
* Work performed under the a t t At ray Cor 


mission 
1G. A. Jones and D. H, Wilkis 


ES. Proton-Induced Reactions in Li’ at 17.5 Mev.* DD. R 
MAXSON AND E. F. BENNETT, Princeton University.—Pro 
deuterons, and tritons resulting from the bombardment of 


Fos 

Le 

: 

i 

ts 
Is 

Mag. 45, 703 (1954 
dia, 

— 


SI 


Li? with 17.5 Mev proto have been observed at 21 ingle 
from 8° to 150°. Particles of different Z/M were distinguished 
by using i proporth il ter tillati inter tele pm 

d re i two-dine il pulse height 
| hie | listribut proto inelasticall 

ttered from the 4.6-Mev level of Li bstantially flat 
betwee 12 ind SO” c.m th a b id maximum at ab t 
50°. At larger gles the ect decreases monotonicall 
by about a factor of 4 between 50° and 155° ¢.m. The intensity 
ol protoi from the 4.6-Me level is much greater than that 
from the 7.5-Mevy ; level i expected if both state belong 
to the p*® contiguration. Si e the order of Pp levels is known 
the result justify a tentative assignment of J } for the 
4.6-Me level. The particles thus far identified include three 
group { deuterons from the Li’(p,d) reactions leading to the 
yro d. 2.2 Me ind 3.6-Mevy states of Li Deuteron angular 
distributions and shell model calculations of tripping ratio 


will be pre ae | ted 


E6. Photodisintegration of Sodium by Li’(p,y) Radiation. 
\. K. Mann,* T. R. ano 1. F. Wricut, The Australian 
\ th Nal (TI) intillator has bee 


l'nive 

ed both «et i 1 detector of photoproto produ ed 
in the sodium by Li radiatio This technique, which 
ilso « be lized with Lil and KI ind po ibly with some 
or tillat pr ke pi toprot energy’ pectra 
of good resolut ind tatistical pre Spectra 
dium were obtained th both resonance and nonre ince 
radiats from the | f ‘ tion which permit identilica 
tion of prot produced b the 14.8 and 17.6-Mev com 
ponents of the incident radiatio On the basis of an energy 
ilibratio ig protons from B'"(d,p), four fully resolved 
ind t incompletely resolved peaks appear to arise from 
al orpti of the 17.6-Me mponent ind transition to 
tates in Ne™ at energies of 0, 1.3, 3.3, 4.4, and (5.4)(5.7) Mey 
The pect im due t the 14.8-Mey component t le certain 
but prel ! iry re ilt d ite ibsorption levels in Na il 
14.2 and 14.9 Mev with transitio proceeding to the 1.3-Mey 
tate of Ne® 

| right I 19 Se le f the |! t tf Penneyl 


E7. and B''(He’,d)C'* Angular Distributions 
at 4.5 Mev. H. 1). | \. AND R. I 


JOHNSTO Vaval Research Laboratory The angular 
distribution of the ground-state proton group, frst excited 
tate proton group, and unresolved second and third excited 
tate proto oups from the B'' (He, p)¢ reaction have been 
rie ed for a boml hi energy of 4.5 Mev at 14 angk 
extending from § to 140 The ingular di tribution of the 
deuteron Kroup wl h leave the nucleu in the ground 
tate has been measured at the ime angle ind bombarding 
en Phe angular distribution of the I-state proto 
group appears t bn jo ed both the for ira d backward 
directi« howeve the lar distributio tf the other 

| t hibit tion with angle 


E8. Radiative Capture of Protons in Carbon from 80 to 
126 kev.” W. A. S. Lame anv Ross E. Hester, niversity 


Livermore \n excitation curve has bee mea 


of Cai 


ured { he re t ( f the energy iterval BO ke 

to 126 ke tilizing beam currents of 30 i to 50 ma from the 
high current to ector, The capture-gamma radiation wa 
measured witha 4x4 .al scintillator which wa irranged 


to count only gamma radiation of the energy appropriate 
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to the reaction. The yield per incident proton ranges from 
7.0+2.3XK10°" at 80 kev to 6.240.2K10°"* at 126 kev with 
corre ponding cross ections of 1440410" barn and 
68+0.8K10 barn. A value for the cross section of the 
reaction C™(p5)N™ has been obtained at two energie 
imely, 8.242.510 barn at 126 kev and 5.142.0K10°" 
barn at 114 ke The results are compared with previou 
measurement and with extrapolation from the resonance 
in this reaction at 456 kev using the Breit-Wigner single-level 


dispersion formula 


E9. Angular Distributions of Protons from the Be’ He’, p 1B 
and C'*(He’,p)N'* Reactions. RK. L. Jounsron, H. 
GREN, AND | \. Wontcki, Naval Research Laboratory 
Angular distributions have been measured at a bombarding 
energy of 4.5 Mev at 14 angles ranging from 5° to 135° for 
everal groups of protons from the Be®(He'®,p)B ind CC 
(He pyN reaction Measurements have been made on the 
proton groups from the Be*® (He, p)B" reaction which leave the 
residual nucleus B" in states of 4.46 and 5.03 Mev of excita 
tio ihe angular distributions of these two groups have a 
trong maximum in the forward direction, The second excited 


tate group ha i secondary jp» ik in the region of 50 ind a 


minimum about 105° in the center-of-ma ystem. Lhe third 
excited state group ha 1 secondary peak near OO with a 
minimum about 100 The position of the maxima and 


Til main these ingular di tribution how a corre thee 
with the maxima and minima of the ground state and tirst 
excited state angular distribution Measurements have been 
made on the proton groups from the ¢ (he pyN > reaction 
Which leave in the 5.28, 5.31, and 6.33-Mev excited state 

[he proton groups to the 5.28 and 5.31-Mev stat ire not 


resolved, and the composite angular distribution will be given 


Wolicki, Holmgren, Johnston, and Geer, Bull, Am. VP’! r. Il 


E10. Gamma Transitions from the 15.1-Mev Level in 
Carbon-12. C. N. H. | \oeLson, B. J. Mover 
AND Hl. C. Suaw, Unwersity of California. Berkeley.* —~Vhe 
relative probability of transitions from the 15.1-Mev level in 
CC" to the ground and first excited state has been measured a 

10°, with a 180° magnets pair spectrometer by bombarding 
carbon with 31-Mey protons. A gamma ray of 12.484.0.2 Mey 
was also observed with an intensity comparable to that of the 
10.7-Mev gamma ray. The yield of 15.1-Mev gamma ray 
in the bombardment of carbon by protons was measured from 
threshold to 440 Mev. In attempting to test the ilidity of 
the assignment of 7 1 to the level, we examined the following 
reactions allowed by the I pin selection rule Cp, pe 
n)C?*, and Be*(an)C*. In each case we 
observed a yield of 15-Meyv gamma ray In addition we 
examined and which forbid the 


formation of 7 1 state. Here we found no observable yield 
until the energies of the incoming particles were ifticrently 
high so that one ould expect bre ikup of the outgoings ilpha 


or deuteron 


Ell. Reactions C'*(a,p)N'* and B'’(a,p)C'* at 30.5 Mev.* 
HUNTING AND N. S. Wats, lhe reaction 


pyN' and (a,p)e have been investigated using the 

$0.5-Mev a party le beam of the MII cyclotron I he 
id-state angular distribution from 5° to 142° (c.m.) of 
protons from C"(a,p)N'* is very similar to the data of Shers 
ind Ricke il 30) Me ind at 41 5 Mev,? with pro ounced 
na at O 47 ind 144 ind minima at 24 66 


114 For the reaction from 


enriched wa employed? ; the main feature 


i target prepared 
i the observed 


We. 
me 
* Work performed under the auapice {the U, § Atom bnergy Com 
mission 
* This work wa ipported by the | t Energy ¢ m sand eee: 
the Higgins Scientitic Trust Fund f 
| ac 
= 
: 
his wo was done ler the auspice the Ato nergy 
forward lirect Proto Kroup COTTes po li to higher (Commission 
excited states of ¢ have also been observed, as well as the ane . 
first ited deuteror group 
at ig 
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angular range, from 44° to 167° (c.m.), is the predominantly 
forward nature of the angular distribution of the ground-state 
the differential cross section at 44° being approxi 
mately 118°. A comparison with the pre- 
dictions of the stripping model will be presented 


proton 
three times that at 


* This work was supported by the joint program of the Office of Nava! 
Kesearch and the U.S. Atomic Energy Commission 
'K err (private communication 
*K. Sherr and M. Rickey, Bull. Am. Phys. Soc. Ser 11,2, 29 957 
*Supplied by the Stable Isotope Division, Oak Ridge National Lab 
oratory 
1 


Butler, ‘Direct nuclear reaction to be published 


the N'‘(d,a)C'** and the 
Fiscuer V. K. Fiscner, 
Vational Labor ilory 


E12. Correspondence of 
C'*(@a’)C'™ Reactions.t G. 
Columbia University and Brookhaven 
The angular distributions of alpha particles from the reactions 
leading to the ground, first (4.4 Mev) and third (9.6 Mev) 
states of C™ have 
energy of 20.9 Mey 
haven 60-in, cyclotron with scattering equipment previously 
described! The angular resolution of the dE/dx vs E counter 
The vas targets 


been measured for an incident deuteron 


The work was carried out at the Brook- 


telescope was +1° in the laboratory system 
were filled with nitrogen of natural isotopic abundance and 
99.94 The angular distribution of elastically 
scattered deuterons was 
sections for the (d,a) reactions mentioned above vary re 
spectively between 0.20.02, 0.9-0.1, anil 0.2-0.02 mb 
Alpha particles 
(7.6 Mev) were seen, but because of the very small cros 
section for this mode (approximately 0.02 mb/sterad), the 


chemical purity 
also determined, The absolute cross 
terad 


going to the second excited state of carbon 


angular data is unreliable. A comparison of the (dja) data and 
the C#(ae’)C™ angular distribution? obtained at an almost 


corresponding excitation energy will be made 


Thi \tomic nergy Com 
Mission 
'V. K. Fischer, Bull, Am 


Walters, Phys. Re 


vork wae partially supported by the U.S 


Ph Soc, Ser. 11,2, 28 (1957 


J 103, 1764 (1956 

E13. N'*(p,n)O' Threshold Energy.* L. Liporsky, | 
Writ, AND K. Jones, Columbia University.-A 
measurement of the N!°(p,n)O'™ threshold energy has been 
made in terms of the Li’(p,n)Be’ threshold energy.' The pre 
cision was made possible by use of the following facts: (a) 
the N'*(p,n)O' threshold energy (3.776 Mev)? is approxi 
mately twice that of Li’(p,n)Be? (1.8811 Mev)'; and (b) for 
the same accelerating voltage, the energy per proton in an 
H* beam is approximately twice that in an HH* beam. The 
H* beam was brought out of the 90° port of the Van de Graaft 
deflecting magnet and bombarded a Pb(N'O target 
Simultaneously, the HH beam was brought out of the 60° 
port and bombarded a Li target. The energy difference 
between the N'H* threshold and the Li7HH* threshold was 


precision 


‘THURSDAY AFTERNOON AT 


E AND 


measured in terms of the small ( 

field needed to cover the ene rvy intery 

for the « 17.6+1.0 kev 
energy for 3.7808 +0.0015 Mev 


ergy dilference 1 
of 
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E14. Angular Distributions of Protons in the F 
Reaction. G. F. Piererk anp N. P. Hey BUI 
Carnegie Institution of Wa 
sponding 


protons corre 


state transtio 
bombardi eneryit 
energies the distributio 
those expected from a d 


Variation of dists 


the rapid 
resonant nature of the « 
contributions from compou 
the ang 

tate and the ] 


tigate further 


ment of 
excited 
progres to 


reaction mechanism.' 


Inve 


it, Rk 


E15. F'*(a,n)Na® Reaction.* 
Burton, Duke Unive 
ment of fluorine have 
energy SCUISILIVE 
moderated BI 
absorber plus a “flat’’ BI 
was 2 to 3.9 Me 
at a 2.504 Mev 
section of about 
width in 


mb 


similar ibout 100-kev spa 


between resonan ‘ difficult to estima 


Methods (1) 


to find approxima ow neut ( 


taminant 


onance 


sulfur re 
first reso 


the absorber 


poor ingular 
1.950+4-0.01 

Up bel 

y, both slow 


necessitated 
state was 
new slow neutron gre 


Above thi 


were observed. |] 


energy 
two resonance data ippor 
602-ke v, J 0 level in Na™. Reso 
(1.277 Mev) gamma yield were ob 
those in the neutron yield 

ted by the U. S. At 


* Suppo 


2:00 


Sheraton-Park, Caribar-Mural Room 


(E. AMBLER presiding 


Cryogenics 


Fl. Transition to Superconductivity of Contacts between 
Copper-Plated Tin Wires.* HANS Meissner, The Johns Hop- 
kins U'niversity.—The between crossed 
copper plated tin wires has been measured as a function of the 
current at various temperatures around the transition tem 
perature of tin, It has been found that up to copper thickness 
of 5000 A the contacts become superconducting at sufficiently 


contact resistance 


low currents and temperature 
observed when ly one 
plated Most of the 


“diagram of state 


rather 


of lines of 
resistance at ce 


and R,, its value 


142 
ge in magneti 
lin ry value 
limina ilu 
toa threshold 
* Thi vork was | t t t At ( 
ik 
mise) 
Jones, Doug M t Rev, 94,947 (1954 
? Kington, Bair, Col and Will if Ke (19 
— 
itions of 
t tad 
é ‘ ined at five 
by tween 6.0 1 6.55 Me \t some 
it 
t wite tion mec! 1; however 
fone but hape with « y d the 
nucleus processes, A measure 
ee oO between proto to the first 
v de-t tation ga ray 
cs possible direct effects in th 
itcheler, Proc, Ph A6o8s, 103 ) 
M. WILLIAM B.S 
f | | 
ee by three diff t neutro 
liohtls 
ement ] i ly 
tillator $) a sulfur 
eutr eld 
r eners ( had 
ing he iall yield 
because of con 
; anid (2) were used 
ner The 111-k 
Va the ons du ing eu from the 
The neutron energy wa ried by changing 
ter angle The low neutre yield 
olutio The ground 
le Method (1 ited 
i a in ilpha « ers of 3.12 Me 
s and 602-kev gamma 
ind to be trop it 
| 
ps. ed and compared witl 
mi 
cee No ystematic difference wa 
Te tha both of the vire wa 
were table » that a 
tai rrent and te ture / 


7 curve. This curve differs 


of bulk supercond ictors in that it has 


The line R R, 
from the T cu 

zero slope at the critical temperature. This is in qualitative 
agreement with the relation of critic il current vs temperature 


for very thin wires. It was found that the temperature at 
which J, drops to 1/100 of its value at 2.65°K is around 3.5°K, 
independent of the copper thickness as long as the contacts 


still became uperconducti 


F2. Superconductivity at Millimeter Wave Frequencies.* 


GILBERT S. Bievins, WaLtTeR Gorbpy, AND M 
FAIRBANK Duke l'nive The «ce velopment at Duke 
University of refined millimeter wave t hniques for the 0.5 
to 5mm region made possible investigations of the tempera 
ture dep dence of the irface resistance ol uperconducting 


tin in the frequency region where hy >kT. In the fir t exper! 


ment the onset of superconductivity, as evidenced by a 


noticeable change in the high-frequency surface resistance, wa 
found to depend on the freq ency [hese measurements have 
hee extended to ditterent t ol irlace More ensitive 
method have been ce cloped for ascertaiming mall change 
in resistance near the transition temperature. A new cryostat 


and microwave system has been constructed which make 


po ible i gnificant extension of the measurement to 
freque it above 150 In both plated surfaces and 


surfaces made from the bulk metal, the transition temperature 


was found to shift to lower temperature is the frequency 
was increased above 50 kMc/sec in agreement with the earlier 
measurement However, the amount of the hift was found 
to be le in the bulk metal surface than in the plated surface 


It possibly depends on the width of the intermediate state 
ported by the Office of Or ce Research, | > Army and the 


Office of ientific Research, t \ir Force 
Blevins, Gordy, and Fairbank, P Rev, 100, 1215 (198 


F3. Viscosity of Liquid Helium. BeNyJAMIN Weiner, Lew 


Laboratory, NACA I he product of the viscosity 7] and the 
density p of liquid helium has been measured by a method 
employing a piezoelectric crystal immersed in the fluid. The 
crystal, in the form of a right circular cylinder, is excited into 


i steady state of torsional vibration at its resonant frequency 
and the quantity \ W4/2U (W4 energy di ipated per 
cycle vibrational energ determined from the 
electrical measurements, over the temperature range 1.3 Kk 
ay 4 np i then proportio il to (A \,)? where \o 1 the 
alue ol icuum. For the ! tal employed in the measure 
ment \y) corre pond to a VU of about 1.3108 and 1 only 
about 1.2% of the value of A at 4.2°K. The measurement 
how a high degree of reproducibility and re pl wtically 
independe it ol unplituce Preliminary measurement in the 
neighborhood of the A point are fheiently well resolved to 
how that Hn Crease b more than O In in the ra ye of 2.18 Kk 


to 2.19°K 


F4. Transport Properties of He II in Fine Channels.” A. I! 


J. Rerpy,f J. BURNHAM, AND \. Uni 
versity of Connecticut Ihe heat trar port by He II through 
O.1 pw channel Wa measured 1 ipparatu having packed 
rouge colum ol different cro ecto The normal fluid 
viscosity was calculated from the heat tra port extrapolated 
to zero powe! \ Om parise vas made with oscillating disk 
and rotating cylinder measurements, In contrast to the latter 
our results down to 1.35°K show no rise in iscosity Thi 
behavior iyre?t with re ilt from larger channel between 


opti il dish An obse ed il of about 0.1 
cm/s in the ormal fluid ivres with rotating cylinder data.? 
Close to the > pot the heat tra port was found t » decrease 


\ lowering of the A-point temperature was observed with 11 


SESSION 


that can be ascribed to an 


creasing heat currents, a re ult 


rccompanying increase in fountain elfect pressure 


* Supported by the Office of N il Research lg ts fror m Ni 
3 esea fund 

wat \ e Unive t 

Van Groenou , Delsing 1 Gorter, Physica 22, (10S¢ 

*W. J. Heikkila and A, liallett, ¢ J. Ph 33,420 (1955 


FS. Specific Heat of Liquid He‘ near the 4 Point.” WW. M 
FAIRBANK, M. J, Buckincuam, AND C. F. Duke 
University The specific heat of liquid helium under its satu 
rated vapor pressure has been measured in the neighborhood 
of the A point with a resolution of a few microdegres Ihe 
results indicate that at the A point the specific heat has both 
i logarithmic singularity and a discontinuity. To within closer 
than 10 dey on both sides of the A pot, the results for the 
heat pel mole, Cop, Can repre ented by 

7.1f(t) In(4.6/t—1)—2.5A(t) per mole, where t@7/7), 
A(t) = <1), A(t) 10>1) and is a smooth function of 
(t) taking the value unity att 1. The ipparatus wa ocon 
tructed that the liquid helium was everywhere within 
0.003 in. of the copper coutaimer Thermal equilibrium Wa 
whieved by meat ol the opper ind did not dlepx ul on the 
high thermal conductivity of ipertl iidd helium. Measurement 
were made at several heating and cooling rate through the 


A point in both direction 


7¢ rted in part by the National Science boundatiors 1 the Ord 


ance Corps, Department of the Army 


Fo. Theory of Inelastic Scattering of Cold Neutrons from 
Liquid Helium. Micnari. CoukN AND RICHARD I’. FEYNMAN, 


California Institute of Technology \ measurement of the 
energy losse ol monoenergetic neutron cattered from liquuid 
He Il would permit a determination cof the energy momen 
tum relation for the elementary excitations (phonons and 
rotons) in the liquid \ major part of the cattering at a hixed 
ingle arise from production or annihilation of a single 
excitation and appears as sharp lines in the energy spectrum 


From the position ol these lines the energy- momentum 
relation of the excitations can be inferred. Other processe 
uch as production or annihilation of multiple excitation 


ontribute a continuous background, and occur at a negligible 


rate if the incident neutrons are slow Q 14) and the helium 
cold (7 »*K). The total cro ection data!’ can be accounted 
for by production of single excitation the theoretical cro 
ection, computed from a wave function previously proposed 
to represent excitations,? agree with experiment over the 


entire energy range, within 30°; Line widths in the diserets 
pectrum are me vlivible at 1°K because of the long lifetinne 
of phonons and roton 


mers, Dash, and Goldstein, Phys. Rev, 97, 455 (1955 
kK. keynman and ¢ en, Ph Kev, 102, 1189 (1956 


F7. Nuclear Spin Alignment in Solid He’.” G. IK. Watterst 
AND M. Fatruank, Duke University Nuclear 
resonance ter hnique previou ly used by u to demonstrate 
nuclear antiparallel alignment in liquid He*® below 1°K, 
have been extended to solid He*® Preliminary measurement 
ndicate that there is no nuclear antiparallel alignment in 
olid He*® down to 0.2°K ince these measurements indicate 
that at 0.2°K the nuclear pins are considerably more ordered 
liquuid He than the olid, one would « Kpect the entropy 
of solid He*® to be greater than the entropy of the liquid. Thi 


has been contirmed by removi the pre ire on solid He® at 


b 
0.2°K and allowing the solid to « Kpand | to a liquid. A rise in 


temperature is observed when the solid changes into a liquid 


wiial iti illy \t ] Ix the t produce oling 
A\diabat compression of liquid He® to solid at 0.2°K 
} ld re It in cooling as first predicted by Pomeranchuk 
Ve are investigating this method of cooling. The spin lattice 
relaxation time has bee measured i is the 
order econd I} considerabl Ie than the pin 


2 


‘= 
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lattice relaxation time in liquid He’, indicating that the He 
atoms have considerable relative motion in the solid. The 
drop in the relaxation time helped to identify the solid from 
the liquid 


* This 


Dep 


project has been supported by contracts with the Ordnance Corps, 

urtment of the Arm 

Vairbank, Ard, and Walters, Phys. Re 

411, Pomeranchuk, J. Exptl, Theoret 


National Science Foundation Fellow 
95, 566 (1954 
Phys. (U.S.S.R.) 20,919 (1950 


F8, Adiabatic Demagnetization of Chromic Methylammo- 
nium Alum and the Temperature Scale below 1°K. Fk. AMa_er 
AND R. P. Hupson, National Bureau of Standards.--We have 
determined the entropy-temperature relation for chromi 
methylammonium alum 0.015°-1.0°K by 
demagnetization and gamma-ray heating. Errors 
were minimized by achieving small background heating, by 
careful calibration of the “heater,”’ and by extending direct 
V-S determinations (necessary for the lowest temperatures) 
up to a temperature well within the region of good thermal 
diffusivity, wherein pseudo specific heat C*(=dQ/dT™) deter 
minations are reliable. The latter were shown 
worthy, in fact, down to 0.06°K 


over the range 


adiabatic 


to be trust 
Direct evidence of good 
uniformity of temperature throughout the sample, even after 
prolonged heating, was obtained for 77>0.06°K. The esti- 
mated accuracy for T is 46% throughout the entire region 
We conclude that, within limits, the S-7 relation 
obtained is generally valid down to 0.06°K; below this point 
the well-known variability of the S-7* relation for different 
specimens tempers one's optimism, The data conform very 
well with the Hebb-Purcell theory for 7 >0.08°K. The value 
found for the critical temperature, 7,, is 0.016°K (compare 
0.02°K obtained by Gardner and Kurti'). 


these 


(1954), 


Gardner and N, Kurti, Proe, Roy. Soe, (London) A223, 542 


F9. Oscillating Hall Effect and Magnetoresistance of a 
Gallium Single Crystal at Helium Temperatures.* J. Yania 
AND J. A. Marcus, Northwestern Measurements 
were made on a crystal (residual resistance ratio 1.0*10-) 
The 
a axis was parallel to the length and the ¢ axis perpendicular 
to the face. At 280°K the average Hall coefficient is 12.4 
*10 *emu, at 77°K it is —10.7%10*%emu, and at 4.2°K it 
is ~10.6K10 %emu. Rotation curves were obtained at each 
temperature by rotation of the magnetic field in a plane 
perpendicular to the a axis. The maximum Hall voltage was 
field was displaced 22° from the 


University 


in the shape of a thin strip grown by Fultyn’s! method 


found when the magnetic 
¢ axis at room temperature and 42° at nitrogen temperatures 
(There was no displacement at 4.2°K.) Oscillations, periodic 
in 1///, were observed to be 180° out of phase in the Hall 
coefficient and magnetoresistance at 1.49°K and 10 kilogauss 
~50%1077 gauss, in 


results on the de Haas-van 


The period of these oscillations is 
agreement with Shoenberg's? 

Alphen effect in gallium single crystals. The amplitude of 
the Hall coefficient oscillations increases by a factor of 4 
from 4.2°K to 1.36°K (where it is 1°) of the average coefti- 
cient). Further work is in progress on crystals of different 
orientation, 

* Supported by the National Science Foundation 


1K. V. Fultyn, M.S. thesis, Northwestern University (1955), 
71). Shoenberg, Trans. Roy, Soc. (London) 245, 1-57 (1952) 


F10. Studies of the Low-Temperature Magnetization of 
Cerium Salts Using the Faraday Effect. |’. B. Aters, U. S 
Naval Research Laboratory The magnetization of various 
cerium compounds at liquid helium temperatures has been 
observed by Faraday effect. Fields ranging 
to 60 kilogauss were used. Observations have been made on 


means of the 


cerous oxide in a glass matrix, cerous nitrate dissolved in 
glycerol, and cerous nitrate dissolved in water. The mag- 
netization isotherms, when plotted as a function of H/T, 
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Fll. Thermal and Magnetic Properties of Cerium Et 
Sulfate between 0.02°K and 1.5K. ©. Jounso Ho 
Merver, Oxford Un y (ints \ 


Demagnetizatio 


hyl 


spherical single 
ments have bee 
bility in small 
axis. The ¢ 

one third of the ele 
complete 
larly 


cooperat el 


be almo 
salt is 
which 
The absolute 
0.02°K ; below the ¢ 


varies very slowly tl 


parti 
temper 


and using the relat 
below the Curie po 
characteristi 
cooling observed 
specily heat, 


those predicted | 


F12. Magnetic Measurements on Cerium Magnesium 
Nitrate below 0.01°K.* R. C. Sapp, 7) oe Institut 
Phermal and 
cooled bel 


cate the onset of 
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due to dipole ci 

all of the magneti ect he 
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F13. Paramagnetic Relaxation in CuNa(UO,),(C,H,O 
-9H,O and Mn(NH,).(SO,).-6H,O at | Me and Liat 
Helium Temperatures. L. |). Rowers |. W. T. Dat 
AND H. Postma, Oak Rid Vat n 
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ceptibility of a 7.8-g¢ powder sample and the susceptibility 
1 3.3-g single crystal parallel to the ¢ axis have been mac 
a Hartshorn 


ant. [he powder Curie constant for the copper salt wa 


veasured as 0.512+40.01 by a Hartshor bridge technique 
R=2.00 it temperatures between 1.2°K and 4.2°K, using 
The susceptibilities were found te 
fu? +2¢,? was 11.25 
value ob 
$4540.07 


it 1000 cp Lhus for the copper alt i value of 
compared with the contribu mutual inductance bridge 


tion 7 ie to hyperfine structure coupling in the follow a Curie-Weiss law. The value of 


is obtain This may b 


£0.10 from the powder measurement, and the gy 
ed in the ingle crystal measurement wa 
tant of abou 


( 


Fl4, Magnetic Susceptibility of NpO.Rb NO at Liquid ; measurement ill W 
Helium Temperatures. J. W. Danns, L. Ronert .03-O.04 RK were foun le powder results are 
AND G. W. PARKER, Oak Ridge National Laborat In con ; 

th 1 ile 


it wa ect ivy | rmine the m 


lower than those from microwave measurements*? made a 


N pO Rb«(NQ.,) ow temperatures 


Invited Paper 
F13. Superconducting Properties of Thin Filaments. ©. S. Lutes, National Bureau 


ind Minneapolis-Honeywell Company mur 


PHURSDAY AFTERNOON AT 2:00 
NBS, East Building 


H. SCHULMAN presiding) 


Solid-State Physics II. Mostly Nonmetals 


FAI. Surface Semiconduction in ZnO. |). G. THOMAS A while ially for t whiation, numerou chanwe occur mm 
J. LANpDER, Be Tele pl aboratorie In If sm decay ‘ The pattern of electron transfer among the 


O.0048 4 ) sing low to locate relatively the 


300°C to zine 


everal erve as a 
wrgy level In some proce one merely require re 


reased by a f tor distribution of the existing positive ton wane while in 
e must ot Identification of the 


j i lie the other they are formed on che troved 
olubilit egligibly small, and pectrum of Cr 


(+34) with as ociated vacancy ha permitted 


e conductivi of about 1.510 the observation of chan oclation 


persists to relative 

the adsorbed 
FA3. Indirect Transitions at the Center of the Brillouin 

Zone in InSb.* Chicago Midway Labora 

t The theory of indirect optical transitio is extended 


d the 
yed to 4 


the 
to the case where ilence and conduction and extrema occur 


imilar to tho 
of the Brillouin zone. For this « the inter 


virtual state as well as the tinal state are in the con 
band and the electron vain an ippreciable energy 
ittered between these tate ley the ibsorption of 


ol screening etlect ind the 


a metallic la b on ( chment space 

charge i ther co and may be when it 

imiportanti in opty il moc phonon Because 
possible breakdown of perturbation theory, the usual long 


tion wa i umed to be tee j™ ndent 


FA2. Impurity-Controlled Electronic Properties of Mag- wavelength polar intera 


nesium Oxide.” Joun Ek. Wertz, JUANA L. Vivo Acrivo of or wave number. We found that the above theor 
ersit f Minne / lhe large i yreement 


band ) ge of temperatur This model 1 


‘ 
n with the ibsorption edge data on InSb « 

periment n InSb and in particular 


pre ire experiment of Keyes if there 


band which il ‘) would if 
yvinmetry of the f sum rule Thi proposed 
ts the possibility of 


proce b sugwe 


ibsorption ce int below the threshold for 


ley the ‘ produ tion of long wave 


th opt il mock phonon I hese emitted by 


electrons excited by pulsed electric field 


FA4. Thermal Conductivity of PbTe Doped with P-Type, 
N-Type, and Electrically Inert Solutes. W. V. Hiuck, R. W 


After some 


Ve 
? Bleane Liewellyn, Pryce und Hall, Phil, Mag. 45, 992 (1954) ane 
of Standard 
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ibl il ite Ie esearch wa pported by the Foree,t gh the Office & 
empty levels in.the enersg gap. Vale e change re readil Scientific Reseas the Air Research and Development Command 
detected after such treatments as heating = 
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of these in appare tly table tate 1 reached 
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Fritts, AND S. Karrer, Milwaukee Gas Specialty Company 

A simple relaxation method has been used to measure thermal 
conductivity of cylindrical ingots of doped PbTe. This 
method yields an accuracy of +5% for such semiconducting 
materials and can be used for polycrystals and single crystals 
that are isotropic. Ingots, having a wide range of N-type or 
P-type conductivity, were prepared by doping with Bi,Te, 
and Nagle, respectively. The thermal conductivity of both 
N-type and P-type Pb Te increases with electrical conductivity 
as w-ohm/°C over the 
range. This figure is approximately 4 of the 
Wiedemann Franz ratio for nondegenerate electronic systems 
and is to be expected since the donor or acceptor defects reduce 


nondegenerate 
theoretical 


lattice phonon transfer while increasing the electronic contri- 
bution. Soluble species which are electrically inert, for ex- 
ample, PbSe and Sn'Te, cause reduction in the thermal con- 
ductivity of the resulting solid solution by increasing phonon 
scattering 


FAS. Effect of Fast Neutron and Gamma-Ray Bombard- 
ment on the Low-Temperature Thermal Conductivity of Non- 
metals.* A. Foner Conen ann L. C. Tempieton, Oak Ridge 
National Laboratory. Measurements by Berman! on the low- 
temperature thermal conductivity of fast neutron bombarded 
SiOz indicate that this property is effective for studying radia 
tion effects in nonmetals. Measurements of the conductivity IC 
on single crystals of MgO, KCI, LiF, CaF», SiO», and Ge before 
and after irradiation have been made. The range of measure- 
ment is from 2.5°K to 22°K and in some cases to 80°K. Both 
fast neutrons and Co” gamma rays have been used. For SiOz, 
Caksy, and KCI following room temperature Co gamma 
irradiation, 1 decreased over the entire range of measurement 
After fast neutron bombardment in the graphite reactor at 
room temperature, IC of MgO, KCI, Ge, SiOe and LiF de 
creased markedly in the region of maximum conductivity and 
also below the maximum in the boundary scattering range 
Measurements as a function of neutron and gamma dose made 
on KCI will be discussed. It has been found that for a cleaved, 
unannealed KCI crystal 3C increases over the range of measure- 
ment after gamma irradiation, suggesting that the defects 
produced by the photons release the residual strains in some 
manner 


* This work is sponsored by the U.S. Atomic Energy Commission. 
Berman, Advances in Phys, 2,103 (1954) 


FA6. Time Constants in Photoconductive Cells. Z. Szerrsi, 
Canadian Marconi Company (introduced by D. A. Anderson) 

Decay and rise curves for cadmium sulfide and cadmium 
selenide photoconductors have been analyzed. An attempt has 
been made to find relations between the decay and rise time 
constants and more fundamental characteristics which play 
a part in the description of the photoconductive mechanism. 
Thus the following relations were found: the decay time con- 
time constant Te+>Ttrap 
the free electrons in the 


atant the rise 
Where r, is the lifetime of 
conduction band, rtrap is the emptying or filling time of the 
Trea i8 the redistribution time of the different 


recombination centers 


traps, and 


classes of 


FA7. Attainment of a Vacancy Excess in NaCl by Quench- 
ing. Jakus W. Quinn, RJAS.--Cunnell and Schneider! have 
variously reported that quenching an NaCl crystal from 730°C 
to room*temperature leads to no change or to a decrease in 
the electric conductivity. This implies that no appreciable 
number of free vacancies were frozen in.? However, Ewles and 
Stead® reported a threefold increase in the electrolytic con 
ductivity below 500°C when an NaCl crystal was quenched 
from 800°C, In our work sevefal Harshaw NaCl crystals 
1X1 X0.1 cm in size were provided with chemically deposited 
silver electrodes, heated to 500°C and slowly cooled to room 
temperature. The de conductivity a, of each crystal was then 
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measured while it was slowly heated to 500°C. It was then 
rapidly que: 
o1;; measured again as a functior 
three at 200°C 


tures, approaching one a 


ched to room luctivity 
equals 
ind decre ise 


100) 


ng tempera 


B69, 396 (195¢ 


FA8. Photoproduction of V,; Centers in KBr Crystals.* 
G. Cutarotti N. Incuauspre, L'niversit f Illin 
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FA9. Hyperfine Interactions in F Centers.* G 
AND M. W. P. StRANDBERG, 
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FA10. Polaron Effect on the Absorption Edge in Silver- 
Halide Crystals. JoserH Brown ANI FENI 
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ind annihilat perator te of 
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is introduced. ys(q) depends on 


SESSIONS 


the electron coordinate g but also contains parameters repre 


senting averages over the electron state. The new lattice 


coordinates are measured with re pect toa weighted function 


ol instantaneou ind average electron coordinates which 
depend on the ce ipling strength. The transformed Hamilton 
lan is a qu idratic form | 1,, 24°. For the lowest state we take 
trial functions ¥(q)-#(a,*a,). With ® equal to the vacuum 
ind depending 


state the choice y equal toa plane wave 


electron coordinate leads to inter 


\ localized 


only on aver ive electron state yields the trong limit 


only on the instantanec 


cle nding 
With 


more general gs, ¥, ® we obtain the physical effects of the 


mediate coupling theory 


small oscillation theory and an accurate description of the 
transition region. The results are readily gener ilized to the 


case of many electron 


* Resear supported the Ofhce S« ntil Kesearcl 


FA12. Compression of Solidified Hydrocarbons at 77°K.* 
Joun W. Stewart, University of Virginia Measurements to 


‘THURSDAY 


Gl. A-48 High Current Linear Accelerator.* |). Hl. Birp 
sALL, A. F. Clark, R. C. Jopson, P. V. Livpaut, L. 
AND ( M VAN ATTA University if Cais nia, I ermore 
Ihe A-48 is a 48-Me linear accelerator of the Alvarez typ. 
which has so far produced 75 ma of protos {0 ma of deu 
terous, and somewhat Ie than 1 ma of alpha particles with 
ol 7.5, and 15 Me respect! ely The beam i 
mostly le than 2 in. in diameter with an a gular diverge U 
of about 1°, and an energy pre id of the order of 10°). How 
ever, the inte ity and angular divergence are pe iked at the 
center A de injector operat at voltage up to 135 kv Next 
come two drift tubes on quarter-wave stems, resonant at 24 
Mc, which increase the proton energu to 500 key Iwo 20-ft 


long cylindrical cavities accelerate the proto to 1.8 and 3.7 


Mev, re pect! ely lhese caviti res¢ ite in the 7 MJ moc 
at 48 Me with the drift tubes i Positio Radial focu oy j 
provided by solenoids inside each drift tube. Present target 
ai Ipate a much as 15 kev per square inch on a metal sheet 
with high peed water cooling o the back face therelore 
large areas are nece iry to handle the total be im power The 


being improved and used for research 


* Wor i ted by the U.S. At 


G2. Composite Electrode Positive lon Acceleration Tube." 
( AY | TURNER, Brookhaven Valional Laboratory Further 


evidence has been iwequired i! ipport of the hypothesis that 


ionization loading,’ or the “ionization chamber effect’’ is a 
important consideration in the performance of electrostat 
accelerator The anomaly that aluminum electrodes perform 
better, in general, in tube operated at high total tages tha 
electri illy more durable material ich i tainle teel 
ippeal expla iable only on the b ol this etlect vith ait 
lower atomic number gi w reduced efficiency for brem 


trahlung production under impact of bacl celerated el 


trons. The oduction of supplementary means for brem 
strahlung suppression reduces the “total voltage effect" to the 
point where the weakness of aluminum as regards inter 
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20 000 kg/cm? of the compressions of five solidified hydro 
carbons, li ted below in order of decreasing plasticity it 77 K, 
have been mace uSInY the apparatus ind technique pre viously 
described.:* All the data can satisfactorily be represented in 
Murnaghan's theory of strain? At 20000 


over-all compression \V/Vo are 


term ol finite 


kg /om?*, the methane 
0.30, ethane 0.20, ethylene 0.22, propylene 0.21, 
O.17, Of the 
behavior \ 
+1500 kg/cm? is of the order of 2% of Vo 


and propane 
polymorphic 
10 500 


group, only solid methane show 


volume discontinuity occurring at 7’ 
Friction in the 
imple and the overpressure necessary to initiate the transi 
tion limit the precision of measurement. It is not known 
whether this apparent first-order phase change is related to 
the well-known orientational transition occurring at 20.4°K 
at atmospheric pressure.4 Measurements of the compression 


of methane at 65°K are in progress 


° rted by the Office of Ordnance Research, | 5. Arm 
tewart, Bull, Am, Ph Soc, Ser. 11, 1, 218 (1956 
tewart, J. 1 em li 1, 146 (1956 

ik. Chem, B3, 63 (1929 
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apparent. A tube employing 


electrode breakdown become 
title teel 


COM posite electrode to upport the high 


inter-electrode held and beryllium to detine the central 


been in routine operation for the past year 


been entirely satisfactory. This tubs 


iperture ha 
Performance to date ha 
appear to be electri illy stronger than the yi idient column 
whic h iti employed \ ecoud model including il periods 
under construe 


ibsorbers and double re-entrant electrodes j 


tion 
under the auspice f the t tom ergy Con 


( M. Tu r, Phy Rev, 95, S99(A) (1954 


G3. Correction of Remanent Field Effects in an Alternating 
Gradient Synchrotron Magnet by Demagnetization. | ami 
PALMER AND Paton Brookhaven National 
Lab xperiment with trong focusin 
models show that the field index (detined as the ratio of held 
gradient to the orbit tield) which i 
both x and ¢ throughout the « 
injection field of 123 gau I he 
field configuration vitiate the constancy in 


which will be explained. A 


magnet 


upposed to remain con 
xeitation cycle hot 
co tant at the remanent 
mayneti 


in several way imple method of 


demagnetizatio with a mall re Verse pulse hown an 
tially eradicate the remanent history Phe tield ince which 
now de pend only on the dynami performance ol a magnet 
hown to be maintained closely at the design ilue for 

reasonable variations in steel propertic 
Cor 


G4. Investigation of the Field Modulation Produced by 
Flat Spiral Shims in a Cyclotron Magnet.” |. Carrot, \ 


SLUEMEL, AND P. STAHELI University of Illinon Veasure 
nent have beet cle na 16-in. model magnet of the tield 
modulation (or “flutter’’) produced by spiral shims. In polar 
oordinate (Rig), the leading and the trailing edge ol the 


hims are given by (1) a(R) +nw/N, where N is the number 


on each pole face. An analytic approximation which 


shim 


Alvarez ¢f al., Ke Instr, 20, (1955 
2. O. Lawrence ence 122, No, 3180, 1127 (1955 Lan 
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relates the experimentally determined flutter to the shape of — analytical investig 
the shim will be given. By maximizing the axial focusing effect sufficient stability 
of the spiral shims, the equation for the most efficient spiral on each pole fact 
shape may be obtained. This optimum spiral is approximated as 

by the equation a(R) =0.48 (2R/g), where g is the verage 

pole gap. Some possible design parameters for cyclotrons of 


1956 
various sizes will be discussed ; 


* Work supported by Office of Naval Research G8. Analytical Theory of Radial Sector FFAG Orbits.’ 
CoLe,t M fie Kese j | tion 

G5. Square-Wave Cyclotron Oscillator. ©. 1). Goooman In radial sector FI 

AND N. F. Oak Ridge National Laboratory.*—TYo plane magnetic field 

avoid radial spreading of the beam in the proposed Oak Ridge — of particle motio 

lixed-frequency, high-energy cyclotron, it is necessary either Because of this large 

to replace the usual sine-wave accelerating voltage with a — which is that orbit with the 

square wave or to inject into a very small phase angle of the — large oscillations about 

sine wave. A square wave, however, would ease the accuracy — in the discussion of spiral 

requirements of the machine. Such a wave form would also give accurate expr 

improve the operating of conventional fixed frequency cyclo the variation of the 

trons. Since usual methods of generating square waves ar¢ \pproximate a 

dissipative in principle, they would be too costly in power at equilibrium 

cyclotron voltages. For this reason methods which in pring iple = includes “mi 

store all the energy must be sought. One feasible solution is to each other 

add to the fundamental frequency a third harmonic to produce — are strongly 

an approximate square wave. A simple scheme to make a sys orbit because of 

tem resonate at two frequencies, one of which is three times — equations of motio 

the other, has been devised and a model square-wave oscillator derived. Solutior 

utilizing this scheme has been set up digital « omputer t 


* Operated for the U.S. Atomic Energy Commission by Union Carbide 
Vuclear Company 


G6. Microtron (Electron Cyclotron) Yield as Determined 
by Field Emission Sources Internal and External to the G9. Radio-Frequency Experiments with a FFAG Acceler- 


Resonator. F. Kaiser, Naval Research Laboratory ator. I. Methods.* Kent M. LAWRENCI 


The microtron is a microwave electron accelerator differing — \\ Jones,t Mid 
from a linear microwave electron accelerator mainly in that he attainment of 
one resonator is used instead of a plurality of these. The — ality of cireulati 
microtron should have a beam in the « ty which is only some — depend heavily on the 
multiple of the equivalent “linac of the same finai Sessler! radio-fr quen 
energy. The output beam of a microtron ranges from 1 to 104, tron accelerator de 
or lower, microamperes average, while that of existing “linaes" ~~ Hination of betra 
is O.1 to 300 pa average. The actual cavity beam load of micro phases of this the 
tron resonators is 0.25 1.50 amp peak or 100-1000 pa average to an intermediate 
Electrons are produced by an extended field emission source one or a number 
and the acceptance for injection into acceleration orbits is a celerating pulse 
few percent at best. [t is possible by more efficient field in The starting fre 
jection technique to increase the microtron yield to a value as to swee p th 
comparable to that of a “linac,”” which is very desirable in second betratror 
view of the microtron’s compactness. This possibility is being to the target 
studied: (a) by analysis of the injection trajectories by experi range of frequ 
mental beam measurement: (b) by theoretical analysis of ferroelectric conde 
trajectories from extended and localized field emission sources — ¢hange for the rfa 
(including biased and pulsed sources which may operate 
independently and in arbitrary phase relationship with the 
microtron resonator); and (c) analysis of electron phase and 
orbit behavior in transition to outer orbits fe igs ie 

G7. Radial Stability of Orbits in Small Spiral Ridge Cyclo- G10. Radio-Frequency Experiments with a FFAG Acceler 
trons.* SrAneLin,t University of Illinois. compara ator. II. Results.” Lawrence W IND Ki M 
tively small eyclotrons (2,5 10 Mev) may be improved by a PERWILLIGER,¢ Midwestern | ersities R ciation 
spiral modulation of the magnetic field, since this increases \ particular pree 
the axial stability of the particle orbits.' Such a field modula theory for FFAG a 
tion in an axially symmetric pattern does not affect the radial at a frequen 
stability of well centered orbits. However, because of varying coasting beam of 
initial conditions, most of the actual orbits are not exactly — it does not capture 
centered, The resulting asymmetry of the magnetic held with by a predictable 
respect to these orbits may render them radially unstable. This — tested experime: 
effect is large for small particle velocities (v?<c*), because, in accelerator. Mea 
this case, the frequency of orbital revolutions and the fre- — of the circulating 
quency of radial oscillations are nearly equal, and any per- made by two ditfer 
turbation of the orbits is thus enhanced by resonance. An — and with the theor 


i ition of the tability condit now that 
a : in be achieved th f r or more ridge 
f lerw ue I K 103, 1837 
4 
AX . 
* Supported by the | 5. Aton nergy Cor 
eo. : N t On leave from the Stat ty of : 
'Symon, Kerst, Jones, Laslett K 103, 1837 
* 
\ 
- 
we 
= 
: 


rators is the possibility of stacking intense beam 
particles by acceleration to the stacking « 
groups of injected parti ke Lheoretical an 
tational re ilt will be pre ented which permit the 
the magnitude ind energy distribution of 
Which result from any given injection and 
i cleration proce Stacking processes which 


iccelerations have also beet 


Kk ‘ et f the CERN 

Hich Ener lerators and Pion Geneva, 1956), Vol. 1, p. 44 

G11. Suppression of Radio-Frequency Knock-Out of 

Stacked Beams in Fixed Field Accelerators.* |). W. Krerst,t G13. Preliminary Considerations on the Acceleration of 
Midwestern Unwersit earcn ciation When a larg Particles by Reflection of Electromagnetic Waves.” | 
circulating beam is to be stor accelerator OnKAWA, Midwestern Universities Research Associatior It 
while additional particle rige ace ted t o the stack has bee oposed by Veksler! that there is a possibility of 

r ener the freque y modu ( iting voltage can particles by transferring momenta from photon 
int betratro il] it ick at certal 


it Methods o I mg is | out have bee 


co idered by nembetr Some of the 


in “coherent Thomson scattering When the 
ity of parte ke i utheiently high, the scattered wave will 
terfere with the incident wave and finally a complete re 
methods are (1) Separ vi different orbit radii a) curs. It has been observed that a plasma in a micre 
(2) Fast pee ge throug knox 4 beh TICE (9) Multiple \ ystem reflects or attenuate the wave trongly. With 
phased ca ! to elimin I kn ou ind to simulate clot 4 charged parti le inside the guide, the cut-oll fre 
gle of the Ue ft the guide is higher than that of the guide alon 

i hall of a beta When wave having frequency between the two cut-oll fre 
tacking radiu quencies encounters the cloud in the guide, it will be reflected 

it frequency with ompletel Therefore the momentum carried by the wave 

operations to nu ferred to the particle provided that the phiase 
velocitic are higher than the velocity of the 


ogramed 

ilting from both 

: particl is method of acceleration ippear feasible with 
the realist ol party le ind microwave 

power Since the nece iry density of particle con 

iderably lowered by using a frequency near cutoll for the 

celeration per particl large compared to 


ial scheme 


G12. Theoretical Analysis of Beam Stacking in Fixed Field 
Accelerators.” R. SyMon,t AM/idwestern Univer 
Research 1 «1 0 An important idvantage of 


‘THURSDAY AFTERNOON AT 2:00 
Shoreham, West Ballroom 


\. Pats presiding 


Theoretical Physics II: Field-Theory and Symmetry Properties 


GA1. Extended Source Theories and Gauge Invariance.  interactio This rule is mathematically equivalent to the 
HARLES ZEMACH, U'niversity of Pennsylvania Phe nucleon customary procedure in which the nucleon source function i 
ind photo f erg i nultiplied by the exponential of a certain path integral pro 

tended source oO i vided that the path of integration is a straight line 

cl cle an elect 

' quired, but only partially sj GA2. Theory of Fields of Integral Spin Greater than One.* 
ol gauge invariance The validit of the extended reER TIAVA Leh h Unive ily bequation describing wave 
iodel may be contirmed and the amb 1 in the form held for any i ral pin have been establi hed by kierz 
t may be res do by a iitable \lthough the general form of the equation of motion of singu 
imit from the relativistic theory " larities of such hields was deduced by Harish-Chandra,? thi 
modified ts clon wot a ire the of a self-consistent theor ol 
meso coupling CO y irbitrary point singular \ general theory of multipole 
larities of zero fields was yiven recently,* and the 
ition mol pole ind dipole oft none tele ue 
yreater than one it has bee found, how 
» have simple pole whose field 
It irs that while higher 
vith the teld equation no ce istent 


of motion are possible for them. Due to this abse 


ccount completely fo interaction such fhelds are unobservable Ihus, at lea 
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mental error. Ina econd experime it beam of particles coast held accel oe t 
+ 
ing at one energy h bree transterred (accelerated) to a higher irculati: ak + 
eners t sequence of identical rf pulse lhe resulting ve 
eners listribut of the electrons in the uum chamber a ind com i Zh 
inferred from the time distribution of beam output from the 
econd betratre pulse dicate i good transfer effin tacked « 
Detail these experiment ind numerical results will be radio-treq 
presented make e of betats f 
* Supported by the U. S. Atomic Fnergy Comr *s rted by the UL S. Ator nergy jon 
1 
‘ 
nontangential electric fields and fros 
is importan 
sted by the U. & Aton 
tanve ersity of Il 
ipported by the U.S. Atomic nergy Commission 
Veksler, Proceedings of the CERN Symposium on High Accelerators 
nd Pion Phys Creeneva, 1956), Vol. 1 
( 
| 
d 
! 
q 
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within the framework of classical linear field theories, inter- 
action of particles appears to be possible only through (neutral 


or charged) fields of spin zero or one. 


* Research supported in part by the Air Force Office of Scientific Re 
search 

1M. Fierz, Helv, Phys. Acta 12, 3 (1939), 

3 Harish-Chandra, Proc, Roy. Soc, (London) 

*P. Havas, Phys, Rev, 93, 1400 (1954) 


A185, 269 (1946), 


GA3. Test for Tomonaga’s Method of Intermediate Cou- 
pling.* Cuaries Ronerrst James L. ANpeRSONt, Univer 
sity of Marylaund.—I\n his original presentation’ Tomonaga 
applied his intermediate coupling scheme to this case of 
charged scalar meson theory interacting with fixed source 
nucleons. A calculation of the nucleon self-energy was shown 
to agree with both the weak and strong coupling approxi- 
mations, Since the Tomonaga method essentially neglects 
eflects of meson correlation it is not too surprising that it gives 
reasonable results for this theory. A more stringent test of 
the approximation would be to apply it to a theory in which 
meson-meson interactions play a role. At the same time the 
theory should possess an exact solution so that a measure of 
the goodness of the approximation can be made. Such a theory 
is the Wentzel pair theory. The ground state self-energy of 
the nucleon is calculated both directly and by means of the 
lomonaga approximation for various values ef the coupling 
constant. There is a maximum error of 20% in the intermediate 
coupling range. 

k supported by National Science Foundation, 
Yow at Long Beach College 


t Now at Stevens Institute of Technology 
'S. Tomonaga, Progr. Theoret. Phys. (Japan) U, 6 (1946-1947) 


GA4, Scattering and Polarization of Spin-3/2 Particles.* 
SAUL Barsnay. University of California, Berkeley.—General 
expressions describing the single and double scattering of a 
spin } particle by spin-zero targets have been derived. The 
set of mutually orthogonal operators that span the spin space 
is comprised of the unit matrix, and first-, second-, and third 
rank tensors with three, five, and seven components respec 
The amplitude describing the initial scattering is 
4s a matrix in the spin-orbital angular momentum 
This matrix 


tively 

written 
space operating on the incident wave function 
is constructed from a complete set of projection operators in 
the spin-orbit space. The coefficients of the projection oper 

ators are functions of the phase shifts for the scattering in the 
various states of given orbital and total angular momentum. 
For simplicity we limit S and P waves. 
Expressions in terms of the phase shifts and scattering angle 
are obtained for the differential cross section for an initially 
unpolarized beam and for the expectation values of the sixteen 
spin Operators in the scattered beam. A second scattering may 
be used to analyze the components of polarization, and the 
differential cross section may be written in the form a+b cos@ 
+c cos2@, where @ is the angle between the normals to the 


the discussion to 


planes of the two scatterings, 


* This work was performed under the auspices of the U.S. Atomic Energy 


Commission 


GAS. Asymptotic Condition in Quantum Field Theory. 
O. W. GreenserG, Brandeis University—The asymptotic 
condition is the requirement that a field theory have an inter- 
pretation in terms of asymptotic particle observables, that is, 
in terms of observables for stationary incoming and outgoing 
beams of particles which have the same transformation, 
statistical and orthogonality properties as free particles of a 
given mass. These asymptotic observables are the operators 
used in defining the S matrix. The asymptotic observables 
are constructed using the in and out operators, which are 
defined in terms of the Heisenberg field operator by means of 
the asymptotic limit. For a large class of nonrelativistic field 
theories it is shown that the in and out operators are the strong 
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G \ 


limit of the Heisenberg operator 
For local relatis tic theori« t 
with infinite wave-fun 
operator 

have the tran 

mass. It is show: 
commutatior 

theorie with 

Yang Feldman 

relativistic theorie 


and out operator 


GA6. Two-Body Amplitudes for Boson Fields.* | 
SCARF AND H. Umezawa,t Universit f Washineton 
attempt to determine the 


mber ot ace 


two-body equation fe 
using two-cor 
Sakata-Taketa ( 
Gordon (K.G.) equ 
tl 


nponent 


equation for 
linear in the two « 
equation for the fi 
tion for Xx is obtai 
correct single par 
lected, the 
formation 
results for 
Only the state 


of the t 


with « 
finite value 
the spurious («x >0) 


term is eliminated. Sim 


fermion problem with verte» 


oper itor 


* Supported t At 


Permanent 


GA7. Some Consequences of TCP Invariance. G. | 
UIT, anp B. ZuMINO, Stevens Institute of 7 n 
the light of rec t experiments on the iolatic 
charge conjugat 
between the proj 
from the general i 
reversal (T), charge conjugat 
can only be deduced from more 
It is show 
particles are strictly equal a 
hold for yrranching 


channels, calculated to 


that m 


Sali 
the strong interaction doc 
different channel Conseq 
for the decay of K* and k 
*Smith M Gr 
fur Phy 


Medd 
Physic 


GAS8. Polarization of 3 Rays and Parity Nonconservation. 
L. WoLren IN, Carnegie Insittute of Techy 
Pace, University of Pitt 
gested that parity may 
has been confirmed by 
of parity 
parallel to their di 


noncor eT 

the maximum o 

where V is the tre elocity. If 
theory alue 
is true for either 4 pure 
tion (and also for 

Im contra ne 


the Ferm 


is used imum 


actions), it 


can yield no evice 
the polarization the rays are pas 


and magnetic fields so as to turn the 


i hown that, even for theori« 
a nalizatio the ind out 
} 
he Heisenber iperator and 
es of free eld rf 
yut held hye the free field 
tion renormalization. The 
oth relat ind no 
from the definition of the in 
f the 
eld ire q iantized 
field operat which itisf linear 
es equatio j tead of the ial Klei 
ms. The corresponding Bethe-Salpeter 
r-component fu tion x(a 
rvies in contrast to the sece« l-order 
ction (a,b) (K.G.). A conservation equa 
om. ed and in the limit my—> « it reduces to the 
le form. Alse he retardat re 
Pa nal n leac toa treit eq tig \ tr 
is found andXx is examined (using Wick 
Interactio idiabaticall tched ofl 
0 (all } e bo led f ill 
iction ce tant and th gests that 
ee lar results are found for the two 
of the form (14 
onic Knergy Com 
A ici University of Tokyo 
UDER 
y In 
ty and 
follow 
time 
. 
ment 
ie. The 
decay 
[i der in the weak interactio if 
at not induce scattering betwee 
ie nee f the e considerations for 
will be discussed 
. z, 914 (1951); G.I Mat. | 
28, N 1 Pauli B he D f 
is . (New York, McGraw-Hill Book Company, Inc., 1955 
ilated to be (V/c), 
e Yang-Lee neutrine 
wchieved. This result 
: 
(samow- Teller transi 
ilar and ter 
: polarized nucle which 
interact measure 
throug! ed electr ; 
spin to a direction per 
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pendicular to the electron momentum and ar then scattered states of opposite parity This is consistent with invariance to 
from gold. The resulting left-right asymmetry n the charge conjugation.? 
polarization Such an experiment Is 


r. D. Lee 
2T. Lee eta 


GA9. Radiative Corrections to the Decay of Polarized 
u Mesons and the Two Component Theory of Neutrinos.* GAI11. Isotopic Spin Selection Rule A/ =} for the Decays 
I. KINOSHITA AND A. SIRLIN, Cornell niversily Recen of Heavy Unstable Particles.* \MIAsaAaki Kawacucut, /’urdue 


ot he unstable part kk ire 


experiment oOo! new 7 e dee y e pro ed that the parity i» r 4 Decay proce 
is not conserved in these decay processes.? The two component i under the issumption of the election rule 
theory of neutrinos proposed by Lee and Yang seems to ex }, when all particles concerned have isotopi pi 
plain the pectrum ol the electron from pu-meson cay reason mut parity is not nece irily conserved. Some of the result 
ably well. To determine whether this parti theory btained before till hold as they are, even if parity non 
correct the radiative correction to the energy ingk dists ‘ vation 1 taken into consideration However the rela 
bution of the deca electron have been calculated. Both th ) between the branching ratio (2 tw’) pa ptr) 
contributior of the virtual photon ind the inner brem d the ratio of lifetime r(X*)/r(D ) is changed by parity 
trahlung are cal ulated usi wa technique developed betore.* ne 0 ervation, The « yperiment il results on 2 ; parti le hay 
Since the two component theory of neutrino idmits onl the Tae | terpreted as indicating compar ible magnituc for parity 
vector and axial vector interaction in the change retentio 1 I w and nonconserving term Some Fe ilt based on 
order, the final result is free from the ultraviolet divergen \ j d ire also discussed for K partich 
Phe magnitude of the radiative correction amounts to about 
and thus it would be iry to include this ellect to have = coy 
accurate determination of the asymmetry parameter 15, 180 (1956 
establish the validity of the two component theory 
GAi2. Parity Nonconservation and the Group-Space of the 
Proper Lorentz Group. J. Vaval Ke rch Lab 
ratory \ meat ol incorporating totopi pin into the 
foundations of the theory of pin i party le ishght modifica 
: oat tion of the free-particle Dirac equations has previously been 
101, 866 (1956 ! osed which follows trom a consideration of the LrOUpe space 


Lorentz group burther con ider itt ol the 


GA10. Nonconservation of Parity and t-Meson Decay.* yroul ‘ ugvest two additional modifications, which have 
Cornell Unive ty The eglect of the a imption i J-dimensional manifold of generalized 
parit conservation with regard to weak inte sete plane wave representation ola tree pin i parti lhrough 
in important con nee for the phenomenolog i y this extended manifold, a free spin 4 particle is invariantively 


The f tate may be characterized, im it wh preferred frame of reference, by 


d odd , of the 3-pi nt 4 vectors of momentum 7 and spin density @, and 
moves the maior diffi irest ma VW which may equal or exceed the rest mass m 
to he mode the the corr po ding free Dirac parti le Tin the exceptional 


F | 0, there are here admitted not one but two di 


crete positive energy plane wave representatiot ol the 
e neutrino, with their spins completely polarized 
the par illel and lel to them re pective thomenta he 

Phe combi , which | varded as reducing to the latter whe 

tially impro con mutually orthogonal, attributes to the general spin 
order term on ool the wart the meson) a similar bifurcation into pau 
coen ra ‘ ble to ob Isti i tute ol opposite (4-dimensional) 


tain an ( No in ce j ured between the m, Which co ce fora Dirac particl 
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Cosmic Rays; Antiprotons, Antineutrons 


H1. Primary Alpha-Particle Spectrum and Geomagnetic i id norther 
Cut-Off Energies. |’. Freier F. Fow.er, ann E. P. Ney | ported 


fev he 


nne t ot 150 


believed that tl pectrum 
before entering the 
longituc ograph i ( pond to the mean locatio th's n wf ! pectr ri and Texas do 


of the ballo« Missouri data allow 


N. Yang, Ph Ke 104, 254 (1956 
times 100, No 24 (195 ‘ | 
addition of the ¢ lomb effect makes the [0 fit worse i i 
me 
> 
of the r-meson 
mixture ot eve a 
yiven total pin 
ceiving the and 7 
4 
l’rimar 4 
f : 
3 


Paste 


Launching Site Latitude Longitude 
ithatoon, Canada 52°10'N 107 W 
kon, lowa 43°50'N 91.5°W 
Kirksville, Missouri 40°40N 90° W 
San Angelo, Texas $1 N 101 W 


the determination of the cosmic-ray latitude of Missouri and 
that latitudes at geo 
graphic longitude 90° are higher than the latitude derived 
Our 
ments together with the English measurements and the as 
rays would fix the 
latitude 75.5° and 


indicate the cosmic-ray geomagnetic 


from conventional geomagnetic coordinates measure 


sumption of dipole deflection of cosmic 
location of the North pole at 
longitude 


magnetic 


H2. Proton and Alpha Intensity of Primary Cosmic Radia- 
tion near the Geomagnetic Equator.* Frank B. 
Stale University of lowa.--A combination Scintillation counter 
Cerenkoy detector, those 
described,’ has 


counter similar to previously 
been flown from Guam. The apparatus was 
carried to a residual pres O¢g a period of 54 
hours. This flight was part of the Office of Naval Research 
1957 Equatorial Balloon Expedition 
the vertical primary alpha-particle intensity will be presented 
In addition, an accurate upper limit on the primary proton 


flix can be made and values for the flux of fast upward moving, 


ure of cm? for 


\n absolute value for 


or albedo particles, will be given. 


* Assisted by the joint program of the Office of Naval Research and the 


U.S. Atomic Commission 
'K. MeDonald, Phys, Rev 


104, 1724 (1956 


H3. Heavy Nuclei in the Primary Cosmic Radiation at 


41°N and Their Interactions.* Masarosut KosHipna AND 
Marcen Scuvin, University of Chicago \ stack of 100 
emulsions of 612 in. x 600 « was flown at Texas, 41°N, to an 
altitude of 100 000 ft for 10 hr. The stack was used for the 


study of the heavy nuclei component in the primary cosmic 
radiation, So far, 500 including the 
Li-Be-B group, which have zenith angles smaller than 30 
and length per plate greater than 2 mm, have been located 


about heavy nuclei, 


and traced through the stack. Because of the greater observa 
tional length of these heavy nuclei tracks, minimum of 5 em 
and maximum of 40 em, most of them interacted before leaving 
the stack. The results on the charge spectrum, energy spec 

trum, and the fragmentation probabilities of these heavy com- 


ponents will be presented 


* Supported in part by a joint program of the Office of Naval Research 


and the U.S. Atomic Energy Commission 


H4. On the Flux of Cosmic-Ray Particles with Z>2 at 
=41°N.* A, EnGier, M. F. Kapton, AND J. KLARMANN, 
University of Rochester A stack of nuclear emulsions has been 
exposed to the cosmic radiation under 
at Aw 41°N. Since at this latitude all incoming particles are 
nearly ionization me sufficient 
to determine their charge. Blob-and-gap measurements were 
of @ party les, and é-ray count 


~8 of matter 


relativistic, asurements are 


made on the track on those 
of particles with Z >3 
and compared with those of other authors 


The obtained fluxes will be presented 


* This research was supported in part by the Office of Scientific Research, 


Air Research and Development Command, U.S, Air Force 


HS. Changes in the Low-Energy Particle Cutoff and Spec- 
trum of the Primary Cosmic Radiation.* Mryver 
J. A. Stimpson, University of Chicago 
earlier that the primary cosmic-ray spectrum observed at the 
These changes 


It has been reported 


earth had changed between 1948 and 1951 
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H 


included a decrease 


tot narticl 
in total particl ‘ inda ‘ m 


an increas 
law [he effect ippeared t be re 
level of olar wt 

\ugust, 1956 whe the le of 


creased now it the the ‘ 


pectrum 


small value is restricted time t te , h the 
solar activity reached a 1 1 the 1] ola ly 
Further changes in the power rx 

ray intensity were fe d. The ne esnlts fart pport the 


that the ‘ ch r the 


View 
origin in a mecha i trolled | 


Research Director ( Lew und 


Development ¢ 


Ho. Decrease of the Earth’s Shadow Effect on Cosmic 
Rays with Increase in Observation Altitude.’ M 
SCHWARTZ,T State University of The fact t ane } 
satellite will ma 


everal hundred n dup e | 

the Lemaitre-Vallarta ll ‘ 
account of the decrease of the eart } i , 
creasing observatio iltitucde 1 re | 

below the horizon. The uniplete solut f th ‘ 

the equatorial plane will be outlined | 

indicating the | the p ‘ 

Work on the nonequatorial part f the p le 
progres both at lowa and at R he } led Liles 
to thank Prof rji.A. Va le ‘ 
and Mr. R. Lynch for ner 

us 


H7. Cosmic-Ray 


Decreases During Magnetic Storms.* 
lf \ cle | ( ‘ 


S. F. Sincer. f ind \ 

ol cosmic-ray ty ofte ccur during the 
torm hese Forb t event ‘ 
ascribed to the Stormer t rre t ( p t la 
corpu cular beam Alf ve Mor | 
Parker, have post ilated a highl t | lent ( eld 
structure which partiall cree the earth ft 

by reflecting many particles without, howeve | the 
energy. In contradist tion, we ce der here that tl bush 
events result from a de é tion oft nic t e ¢ 
decrease is produced in an inverse Fer ro et 
up as turbulent centers caused | 

ward and Ly il 


Crucial experimental test will be 


shift in the position of the knee of the ener “ 
the spectrum of heavie mpared t proto the 
cosmic-ray intensity at extremel large d 
earth 
* Sur wrted I yy 


H8. Mu Mesons in Extensive Air Showers.” | ARI 
Wil The MIT air shower expe ent es ti ; ” 
location, mid ar il dus ol ¢ 
apparatus. The penetrat { 
been observed with the id o | lec 
900 g/cm? of lead. Two 48 in. | 18 hodo ‘ 

Geiger tubes are placed one above tl the 

jected zenith angle of mesons traver y the ts e me 
ured. Mu meso: issociated w the hower ‘ ‘ 
by requiring this projected t} 
known arrival directio ft the Re lt it 
dat on the lateral distributi | mie 

three size range to 10°, 10% to 3K10 


192 
general 
' 

re '(G,, Lemaitre and M Vallarta, Ph Re 50, 493 (1946 
, 

aay 


H9. Cosmic-Ray Jet in the 10'* Electron Volt Energy Range. 
res, P. Freier, aND E. P. Ney 

of emulsion 

$6 in a cooper 
The pellicle 
1) px d d ha in ons of 16 by 12 b 


est jet lar lou y on 
eM 
the jet multiplied from 9 

ly 10 000 particl 

be initiated by 
eutral meson 
kind which 
nultiph ity ol 


with a 


H10. Interactions of Antiprotons in Nuclear Emulsion.* 
\ I W. ann G. ty 
idy of anti 

cle il emul hon 

imnihar to those reported previously 

have been found. The mean free 


il 50 to 


In the 
path for isti raction 
200 Me 
proto from ret ; 15.142.7 em. thi 

lo date a total of 4 m 


in the energ mitery 
puted trom 99 antiproton luding 35 anti 
y corre pond to 
ittering with i projected 
For ‘ ) ingle of scatteri 


lable | 


beet ired if} how! itt 


the number of events expected from poin 


iw and from black phere dittrac 


nin the foregoing 


H11. Antiproton Absorption Cross Sections in Complex 
Nuclei.* Yrsicantis, R. Mermon, Seort 
H. Sremver, C. Wa ) CHAMBERLA 


obtained by detecting charged me 
with a Cerenkov counter 
tire tid angle. The ero 

Fable I 

Dhese re ilt ompared with our earlier mea 


ind with the I i 


Ze dl 


irements by Cork et al? 


H12. Antiproton-Proton and Antiproton-Neutron Cross 
Sections at 450 Mev.” Il. Steiner, O. CHAMBERLAIN, 
KeLLer, RoGers, SeGrk, L. AGNew, C. WIEGAND, AND 
Vi NTI ty California Berkeley Creo 
mn interaction at 450 Mev have 
ubtraction at cut-oll 


The incident 


pa 1 pn been 


intiprotons were identilied by a 


tem of imilar to that earher 


Cerenkoy produced 


counters and magnet 


experiment 2 y observing the 
from anti 


ihate 


in the target by fast charged secondaries resulting 


protor leon annthilatio we were also able to cal 


the total pp and pn annihilation cro ection lhe result ire 


compared to pf ind pn cro ections obtained with the ine 


geometry. Preliminary result ire yown in the following 


These result will be compared with other obtained in thi 


laboratory 


H13. Antineutron Production by Charge Exchange.* 
CHAMBERLAI I. kviorr, Seork, H. Steiner, R. Wet 
WIirGAND, AND T. f da 
Berkeley The 
formed by a 


GART, ¢ 
prediction that i! neutron vould be 
change! has recently been 


itiproton by charge « 


have utilized this method of produc tion and ob 
produced by 1080-Me liproton 
ind Pb target Phe antineutror vere 
release upon annihilation. bor thi 
tructed which consisted of alternate 
cintillator that the thi 
was 156 ¢ 

volume formed a 

is 3.44 g/cc, The coun 
\ 6810 photomultiplier tube 


heiwh ctr for antineutre and intiproton 


iwreement Preliminary 


thout 4000 ineice ul 
CH , an i 


0.7 steradian in the ud direct 


tiproton 
mnbers of 
pectively. These how that 


on +n) decre with ines 


177, 11 
104, 1194 


Li 
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10’ electrons tent with a? density distribution ‘ from the = 
for r between 30 and 150m sich shy 
¥ 
the t prog f the Office of Researct tion (in 
P Ti tk was performed under the auspice fthel \t erg 
Ch berlain, Kell Segre teiner, Wiegand, and \ 
Ke 102, 164 1956 
Cork, Lambertson, Piccioni, and Wenzel, PI Re be ‘ 
‘ 
we 
The 
the ent 
9 om 
partich 
he el 
everal 
Asin tl of 14 
@(20 
iv m 10 7) 
pr 141 10 140 1234 
pn 100 15 44 6 12 
46 1.2 4.9 
pn 1.4 11 11 
ol p tra 
angle : 
TABLE I j 
* This work performed under the a the 1 
attering ‘um ‘ Viegand tis, Rev, 100, 947 
ule Ibserved Rutherford Diffract i tic 
O02 164 1956 
6 4 54 Cork, P nd Wenzel, Bull, Am, | evil 
6 0 14 4.0 99 1, 4/6 (1956 
‘) 
comparison we | 
nucleus Rutherford scatter: 
tion scattering with o;/oo as give 
the a pice f the \tom 
verilied.* 
Bye Ma 105. 1037 (1957 detected | 
PUrpose a ¢ 
layer 
cintillator 
of Ca ry Re he il a ptro ro ‘ 
for 450-Me initiproto oO coppe Iver und lead by 4 | 
have heen measured with laborator tofanieso were found 
ww. the total a ihilation cro ections for these | te that for 
batance 
a solid angie n were 
= 14 Taba (0 = 20 30, 17, and 1 
» 
( 1156 0 1100 +68 912 458 
1600 +171 1590 +1634 11544142 * This work was done under the a the U. S. Atomic 
Lead §73 4282 253 i 2097 +227 
( berl eure, Wiegand, and tis, Nature 
k, Lambert andl We ‘ Ke (1956 


SESSIONS HA AND 


THURSDAY AFTERNOON AT 1:45 
Sheraton Hall 
(W. W. HAvVENs presiding) 


Invited Papers 


HAI. Delayed Neutrons from the Fission of Uranium 235, Uranium 233, and Plutonium 239. 
G. R. Keervin, Los Alamos Scientific Laboratory. (30 min.) 

HAZ. Polarization and Asymmetry of High-Energy Scattered Protons. [’rrrer Hitman, Univer 
of Upsala, Sweden, (30 min.) 

HA3, The Many-Body Problem with Strong Forces. Rk. Jasrrow, S. Naval Research Laboratory 
(30 min.) 

HA4. The ‘Twin Paradox’ of Relativity. H. W. Lewis, University of Wisconsin. (30 min 


FRIDAY MORNING AT 9:30 
Sheraton-Park, Burgundy Room 


(G. BERNARDINI presiding 
Muons and Pions 


Ji. Nuclear Excitation fromy~ Capture.* N. KarLan, low determination of primary energy 
Burton J. Mover, AND Ropert V. Pyie, University of — of Haber-Schaim,' who used the 
California, Berkeley. Neutron multiplicities from capture The distribution i 
in Pb and Ag have been observed with a cadmium-loaded — under simplifying assumptior 
liquid scintillator tank. The observed distributions previously Oiiiiean 
reported have been compared with the distributions predicted 1€). Heber 
by a Fermi gas model (with both the effective nucleon mass, 
Mnon@=M, and Mnoa=M,/2), and an a-particle model J3. Small-Angle Photomeson Production from Hydrogen.* 
Assuming a “boil-off" neutron spectrum, the observed dis-  V. Prerez-Mrenpez. W. Imnor. Ky EY 
tributions for ?b compare with the predicted distributions as = Knapp, University of California. Berk: 
shown in Table I. In the lower multiplicities, where the statis differential cro ion for photoproducti: 
in the angular region from 0° to ‘ 
rae | at a photon energy of 260 Me tilizing 
strahlung beam of the Berkeley 
Predicted were detected by their characteri 
@-particle Fermi gas model 


background at the forward angle 
Observed model Meu=M 


by magnetically analyzi 


0.415 40.09% 0.319 0.515 through 2.9 radiation length 
0.506 40.004 0.462 0.474 : 
ag ine ) 
0.146 40.027 0.184 0.010 magnet channel, and empl 
0.019 40.015 0.080 anticoincidence. The meso: 
0.009 40.006 ane } 
I yarog target, with thi 
0.002 40,002 0.014 liquid hydrogen target, wi 
0.002 40.002 0.005 ground. The measured dil 
value within statistics from 


magnet data’ to normalize 
(O) = 0.620 4-0.0608 & 


tio will be compa 


tics are better, the Fermi model with Meg M/2 seems to obtain a value of (de 


yive the best fit. The distribution from Ag will also be — sterad, The observed distril 
theory of Chew and Low and the genera 


| 


ussed 
relations result is ¢ iluated by 


* This work was performed under the auspices of the U.S. Atomic Energy 
Phi 
Comm 
J2. Median Angle of Neutral Pion Emission.* 1). T. Kino, 1M. J. Moravesik Rev. 104, 14 
University of Tennessee. A search for electron pairs has been 
made in nuclear emulsions which had been exposed to the J4. Photoproduction of Positive Mesons near Threshold. 


} 


Commission 


n 


internal 6.2 Bev pt beam of the Bevatron, Only those pairs D. H. Mitter ann D. A. Hu 
with mean dip angle within 45° of the emulsion plane were — Laboratory.-x* mesons prod 


ha 6-1 


included ; otherwise, the scan was based on a random selection x-ray beam throug 
tucied 


of tracks. From 117 such pairs, the polar angle distribution chamber are being 
of the y rays was derived. The corresponding distribution for (a) low-energy quant tiall , ‘ 
the neutral pions may be assumed to be ciosely similar. The — beam by filtering throug! gy /em? of LiH before 


median angle is found to be 30.0°, i.e., about 4.7° larger than tion; (b) the vacuum s\ is of t hamber 
) the | 


tte 


weep fh 


that derived assuming simple nucleon-nucleon collision, and magnetic 
wall is provided with 0.008 


ignoring internal motions and secondary effects. Thus, 
median angle measurement based on neutral pions leads to a — trance and exit window 
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7 
re 
a 
[je requir y them to pa 
ead placed half d the 
f(t) i Cere te 
, 
1cro ection has a ¢ tant 
ee 0°. Using the CalTech ; 
ect 
10 m 
ing ed di persion ; 
d by passing the 23 Vie 
hydrogen bubble 
ba d 
out of the 
il coll tor, 
bbl 
Mylar beam « 
¢ ; Measurements of range and angle 
| 


SESSION 


with respect to the x-ray beam are made for those mesons 


stopped within the chamber volume. For photons of 165 Mev, 


mesons with c.m. a! between 20° and 130° are observed: 


for photon ngles between 1340 
ind 165 ysis of § i , of the data) in terms 

with Pao / yields 
i value « cesults the complete analysis 
will be prese ited 


J5. Photoproduction of =’ Mesons from Hydrogen near 
Threshold. 1). A. Hitt ann D. H. General Electric 
Research Lali y ing the bubble chamber described 
previou ly we the photoproduction of r® meson 
in hydrogen by me ing the angle and range in liquid 
hvdroge of the recoil protos The method permits us to 
observe meso 1 0 ind 135 ystem) 
at 220 Me gamma-ray ¢ re 5 75 Mev 
\n anal is of 450 event (about | of o sistent 
with a total cro ection varying ites an 
angular distribution more isotropK than (5 . ) below 
200 Mev. More complete results will be 


givel 


M 


J6. Photoproduction of Charged Mesons from Nuclei.” 
Joun R. Waters, Cornell University (sponsored by Robert 
R. Wilson Phe bremsstrahlung beam of the 1-Bev Cornell 
trong-focusing synchrotron has been used to study the photo 
production of po tive and negative pion from several nuclei 
The elements investigated were Be, ( Al, Ca, Cu, Sn, Pb 
and | The targets were placed at the foc il point of a double 
focusing magnet which elected the energy of the mesons 
counted in a 3-counter telescope. The production of 40 and 
80 Mev wt and wr” meso was observed at 35° to the direction 
of the y-ray beam a function of the maximum energy of the 
beam. Preliminary results at the lower meson energy and 800 
Mev beam energy for the ratios are 1.49 +0.06, 
( 1.15+0.10, Al=1.1640.11, Ca=0.9240.11, Cu=1.45 
+0.15. Further data at low energic will be pre ented and 
ilso at h vher meson using a new trony-focusiny 
ipable of analyzing 700 Vv © meson \bsolute 


ections ind i ury beet mea ured 
the U.S 


J7. Photoproduction of Multiple Mesons in Hydrogen.* 
W. M. Woopwarp, R. R. WiLso AND P. D. LucKkey,t 
Cornell University The photoproduction of positive and 
wegative mesons | ing studied as a function of the photon 
energy, meson angle, and meson energy. Using the x-rays from 
the Cornell 1 v synchrotron, mesons are produced from a 
liquid hydrogen target. They are detected by means of mag 
netic deflection followed by a counter telescope. Preliminary 

how a steeply increasi cross section tor photon 

above 600 Mev VDI ! ilts are the following 

sections which are given in units of 10°" cm? per Mev 

“QO” per steradian in the lab system: For 40 Mev meson 

and with 810 Mev photon 11.6+1.1 and 

1.80+40.2% it 35° and at energies of 825, 700, and 600 

Ox respecti $5040.46, 2.664-0.35. and 0.96 

+ 0.30. Plans ; un way to mea correlation 
bet weer mes 

ported }t 

S Ator 


at MII 


J8. Diffusion Cloud Chamber Study of Multiple Photo- 
meson Production in H, at the Cornell Synchrotron.” |. M 
Se__en, G. Coccont, V. T. Coccont, E. L. Hart, anp K. ¢ 
ROGERS \ 20-atmos hydrogen-filled diffusion cloud chamber 


operating In a magne tic held of 6] iloyau s has beer placed 


in the 870-Mev bremsstrahlung beam of the 
chrotron. Multiple photoproduction of # me: 
observed lhe event are analyzed in term 
of the incoming photon ind of the energy 
distributions of the secondary particles 


1 by the joint program of the Office of > 
iinergy 


J9. Production of Negative Pions in H, by 1.95 Bev Pro- 
tons.” K. M. Lea,t H. L. anp E. C. Vale 


1200° meson produced in inela tic collision 


observed as a result of exposing the hydrogen 


trookhaven diffusion cloud chamber to the 1.95-Bey 


ial proton beam at the cosmotron, An incident proton 
4 about 500 protons per picture was made possible 
without a general lo of sensitivity by confining the ines 
ol toa narrow pencil by collimation and strong focusing 
pencil beam was passed through the center of the cham 
ensitive region about twice per minute. 8500) photo 
raph were obt ined corre ponding to i can red path 
gth in H about 1.3 10° The cro ection tor 
the reaction p op+pta' +a is estimated to be two 
millibarns, after correcting for the masking eflect of the 
pencil beam. The momentum spectrum and angular distribu 
tion of the w in the center-of-ma ystem will be discussed 
We wish to acknowledge the yoenerou help exte vled by the 
Brookhaven Laboratory stall; « pecially Ralph shutt 
ind other member ol the cloud chamber Kroup ind also 


Dr. Rodney L. Cool 


1956-1987 


J10. Scattering of 31-Mev Positive Pions from Carbon 
PRABHAKAR P. Kane, University of Rochester (introduced by 
| M. Hafner) Positive wm mesons of 3341.4-Mev energy 
were incident on a carbon target O 19» per cm square thick 
Scattering of the pions was studied in transmission geometry 
it 70 and 120 degrees. Measurements were taken simul 
taneou ly at the two roel I he target was onented 80 as to 
minimize the energy spread in the 120 degree scattering. Pulse 
height analysis of the cattered pions at 120 degree how 
that both th cattering and scattering from the first 
excited state in carbon are present the two contributions 
being approximately equal. This interpretation is consistent 
with a range analysis of the cattered particle At 70 degree 
contribution of the tirst excited state to the scattering 
mall, certainly le than 20°, of the elastic scattering 
view of these result the elastic catterinyg cro ection 
70 degree i the ime a that at 120 degree , the value in 
each case being 4.240.6 mb per steradian. Further measure 
ments at other angles and using somewhat dillerent techniques 
will also be presented 


Jil. Pion Proton Differential Scattering Cross Sections at 
40 Mev.” B. Rose ann S. W. Barnes, Uniwersity of Rochester 
We have remeasured the positive pion proton forward 
diflerential scattering cros ection at 40 Mev under new low 
background conditions and find a value of da/dw of 0.24 4.0.03 
mb/sterad at 45 \ measurement made at 120° which is at 


this writing not yet evaluated will be reported 
Atomic Energy ¢ 


Ji2. Interactions of 61 Mev x’ Mesons in Deuterium.” 
4. M. Sacus, H. WINICK, AN A. Woorrr 


l'niversity Using methods previously described,’ measure 


Columbia 
ment have been made of the ittering ind nonradiative 
ib orption in liq id deuterium of 6143 Mey positive pron 
For pion cattered with laboratory energy greater than 16 
Mev the differential cro ections at 45 , 60 90", 114 145 
ind 150° in the laboratory system are 1.384.0.15, 1.05+40.09, 
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ms has been 
* Assiste ival Research and the 
U.S. 
lin 
h i\¢ bee 
. 
1D. H, Miller and D. A, Hill, Bull, Am. Phys. Soc, Ser. IT, 2, 194 (1957), es 
* This work was supported in part by the U.S. Ator nergy Com ‘2 
t General llectric Research Fellow, 
and 
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1.464009, 1.924012, 2.344013, and 2.384016 mb/ 
sterad, respectively. Protons from nonradiative absorption 
(xt +d-+p + p) fit the distribution (0.25 40.03) + (1.03 40.08) 
X cos? mb/sterad in the center-of-mass system giving a total 


From 
energy distributions of scattered mesons at each angle an 


cross section for nonradiative absorption of 7.78 mb 


estimate of the elastic contribution to the scattering may be 
obtained and compared to the impulse approximation.? 


the joint program of the Office of 
energy Commission 
Am. Phys. Soc, Ser. II, 1, 


105, 256 (1957). 


* This research was supported by 
Naval Kesearch and the U.S. Atomic 
1 Sachs, Winick, and Wooten, Bull 
7K, M. Rockmore, Phys, Rev 


$50 (1956 


Ji3. Reaction x +d-+n-+-n at High Energy.* W. A. Lovet 


AND K. Carnegie Institute of Technology.—Coin- 


J AND K 


itro } ron 
190 Mev incid pion kinetic eners 
HO 


cidence between two ne 
have been observed at 
Preliminary measurement 
scatterer 

plastic scintilla 

and a 10-in. diam 

74° laboratory neutron angl 

mately those expected on the ba 

and known cross sectio for 
the 


correlation 


which observed proce 
ind other test to v 


will be described 


FRIDAY MORNING AT 9:30 


Sheraton-Park, Continental Room 


(V. L. SAILOR presiding) 


Fission and Fissile Nuclei 


K1. A Fission Fragment Mass Separator and the Nuclear 
Charge Distribution of Single Mass Fission Fragments. 
Bernarp anp Criype B. Futmer, Oak Ridge 
National Laboratory. energetic fission fragment passing 
through a gas changes its charge frequently because of 
electron capture and loss collisions with gas molecules. Its 
average charge, é, is found to be proportional to velocity, so 
that magnetic deflection depends only on mass; thus, passing 
fission fragments through a gas-filled magnetic spectrograph 
gives mass separation. At low pressure the resolution is limited 
by the statistics of the electron capture and loss process; 
increasing the pressure to reduce this effect is eventually 
limited by energy loss effects. However, before this occurs, 
there is a range where resolution is limited by the nuclear 
charge distribution of single mass fragments. All of these effects 
were studied experimentally. The resolution obtained 
for mass 91 or 97 fragments (with helium) was 3.50% of 
which 2.2% is the result of the nuclear charge distribution. 
The dependence of @ on nuclear charge was studied. The 
result for the full width at half-maximum of the nuclear charge 
distribution of single mass fragments is 2.0 units. The best 
obtainable resolution from a mass separator is 3.2%, corre- 
sponding to 45 mass units for light fragments. Several 
applications of this instrument will be described, and other 
possible applications will be suggested. 


best 


K2. Scintillation Pulse Height in CsI(Tl) vs Energy and 
Range in Various Materials vs Energy for Light and Heavy 
Fission Fragments. Ciype B. FuLMeR AND Bernard L, 
Conen, Oak Ridge National Laboratory.-Light and heavy 
fragments from pile neutron fission of uranium-235 were 
magnetically separated and seintillation pulse heights in 
CsI (Tl) determined as a function of range in various metals 
and gases. Using the energy loss vs range data of Lassen, and 
Schmitt and Leachman,' curves were obtained for pulse height 
in the CsI (TI) erystal vs energy for light and heavy fragments, 
also differential light output (dL/dx) vs rate of energy loss 
(—dE/dx). dL/dx for fission fragments is more than twice 
as large as for 5 Mev alpha particles, and continues to increase 
monotonically with rate of energy loss throughout the range, 
contrary to the findings of Eby and Jentschke? for Nal (TI) 
Using the total range in air data of Katcoff, Miskel, and 
Stanley,’ complete range-energy curves were constructed for 


hydrogen, helium, 


gold 


IN, O 
(1949); H 


K3. Precision Thermal Fission Cross Sections by a New 
Method.* M. SA 
R. E. Corre, ano G. E. THoma 

In all Vviou absolu 


sections af at 0.0253 


PLAKOGI ( Coct 


pre 
ist on 


certainties in at |e 


value of a refere 


ness, 
distribution of incident 
method which avoid 
chopper impinge on 
near thicl 

rate R,; is no, F, where 

t of R, 


neutrons in large 


unity yet 


thus measuremet 
detecting fission 


are insensitive to radiative 


ipture « 
determined by observi 
chamber whi 
tem. Flux i 


orbed 


efficiency i 


in a fission ionization 
counts in the liquid sy 
transmitted 


y rays trom 


neutrons are ab 
the B’(n.a)Li’ reactio 
scintillator; detection efficic 


coincidence method. Error 
are avoided by recording ill 
from 0.01 to 0.2 ev whicl 


greater than one percent v 


Il be give 


* Work performe er the 


Mission 


K4. Neutron-Induced Fission Cross Section for U 
U?**, and from 2 to 10 Mev.* R. K. Siti 
HENKEL, AND R. A. Noses, / e 

The excitatior 
section of 
energies from 2 to 10 Mey 
tion curves ippear to ver 
in 1940. 


5.5 Mev 


The curves are ¢ 


energy 


neutron 


: itor 

t 

ro 

to 

iy the reaction identificatior 

mission 

air, argon, aluminum, nickel Iver, and 

Kel. Danske via b, Mat-fys. Medd. 24 

W hmitt iR. B. Lea Rev, 102, 183 (1956 

Eby and W. K. Jent K 96, 911 (1954 

Katcoff, Miske nd Stanle Re 74, 631 (1948 
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in no ertainte 
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» U™, 

‘ 
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Above this energy, the (n,n’f) 
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process begins and the cross sections rise to a higher constant 
value above 8.0 Mev. For U™*® and U™*, 
made with a fission foil and a CH, foil, mounted back-to-back 
ind irradiated in 
T(pn)He 


} ission fragments 


measurements were 


a neutron flux of variable energy using the 
Didn)He® reaction as 


were detected in a parallel plate ronization 


and neutron source 
were counted by a comcidence 
and a crystal scintil 
ratios of the foils 
(n,p) 
Correctior 


chamber and proton recoil 


detector using two proportional counters 


lator. By measuring the counting rate and 


ising the well-known cross section for scattering, the 
! were obtained were made tor 


the D(d:n,p)D neutrons in the 
8 and 10 Mev 
of about 3% 


are about 5°). The U™ and Pu® fission cro 


ission cross section 
neutron energy region between 
Neutron flux determinations had uncertainties 


he uncertainties in fission cross-section value 


sections were 


obtained by measuring ratios with U™* in a double ionization 


chamber 


Energy Com 


* Work | 
mission 


Ke 58, 864 (1940 


KS. Spontaneous Fission Neutron Multiplicities.* Rosert 
V. PyLe anp DonaLp A. Hicks,ft U/niersity of California, 
Berkeley It ha reported that the 
number of neu i r spo ion of Cf* decreases 


rapidly a ul the 


been earlier! average 
taneous fi 
two fission 


kinetic energies of the 


fragment decrease in with increasing kinett 


eneryy al oO 1 I ved when only one ol the fragments 1s 


detected, a fact of importance to experimenters using fission 
able material in a pulse tandard. For 
( {262 the 20°, ol the f ion having the lowest 
4.154 0.07, and 1 20 with 
give Vv 3.024007 3.82 for all fi 


Additional structu i 


Similar effect 


detector as a me 


itron 
fragment 
the highest 


on energies) 


energies pive 


energy le 


observed at intermediate energi 


been observed with other nuclide 


This work was dor inder the pi i S. Atom 


nerg 


it Boeing A 


' Hicks, Ise, Pyle 


1,8 (1956 


K6. Calculations Concerning the Mass Distribution of 
Fission Products.* Ronerr L. W. ¢ N AND PETER FONG, 
Syracuse University According to a stati il theory the 
relative probability of a fission mode depen essentially on 


the total excitation energy of the 


two li 


ion tragment The 


original calculation of excitation energy based on an empiri 


ted atomic ma formula ha hown di 
in Pu Ne wly a tilable 
been used to repeat the previous calc 
work, Coryell : 


energy sy 


cally corres 
information on atomic masses ha 
2 In the 

Wood 


Vewton ma valu 


lation present 


beta 1 Way and beta 
* Hay ‘ 
Levy's mass formula* are us for a 
nuclide Phe results obtained for one 
(Pu) nother in that the exe 
curve show ¢ ik in the 
and the 
the heavy 


tematu 
number of fi 
ingle fissioni 
imilar to ¢ itation 


mmetric ft 10 


fragme iks « veral 0 nuclides nearly 
while the 
ment with observ 


shift apart in agree 


K7. Velocity Distribution of Fission Fragment Pairs from 
Cf**? and the Coincident Gamma-Ray Spectrum. J. ©. |) 
Mitton AND J. S. Fraser, Chalk River Laboratorie An 


197 


automatic recording time-of-flight apparatus previously de 
scribed! has been used to measure simultaneously the velocities 
of both fis oiving 
3 10* fissions per min was deposited on a film of 5 ag/cm? of 
VYNS coated with 5 pwg/em? of gold.* With a flight path of 


ion fragments. A weightless source of ¢ 


177 cm a counting rate of 5.5 cpm was obtained. The 
probable total kinetic energy 
found to be 18145 Mev 
‘ratio was 1.34 


emission was 
an analysis of 29 000 event 
The full width at hall 


} 


maximum of the total kinetic energy distribution for the most 


before neutron 
from 


The most probable ma 


\ f-f coincidence open 
from the 4-in 


probable mass ratio was 22 Mev 


and allows the gamma-ray pulse, if any, diam 


x4 in Nal crystal placed three inches from the source, to reach 
In about 30° of all event 


The analy 


the analyzer 
greater than 200 kev is recorded 
tion on gamma-ray yields will be presented 


a gamma pulse height -- 


is of the informa 


Milton, Bull, Am, Phy 


Nuclides from 
IK.NIGHT, 


K8. Short-Lived Bromine and Selenium 
Fission.* |. Sarrizanun, M. Kann,t J. 1D) 
Los Alamo Laboratory \ 60+40.2-min 
has been found in fission product 
D-7 
upport it a 


intillation 


Scientific 
activity and in rubidium 
enriched 
ignment as an isomer of Br’ 
counting with 100-channel 
of O08 40.1 Mev (~20°%), 
372? Mev 8°%,), 
Mev (60°, ) 
(60°7), and 1.8940.03 Mey 
yields of the 6.0-min Br™ 
and 0.904-0.04°%, 


bombarded with neutrons. Experiments with 
Rb* and Rb* 
2 


eta and 


pul e analysis indicate beta group 
1940.2 Mev 70°)) ind po ibly 
prominent gamma rays of 0.4449.01 
Mev (70°), 1464002 Mev 

(20%). The U™ thermal fission 
and the 31.7-min 0.019 40.0020 
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evidence for elenium parent of a 1.0-min bromine 
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K9%. Gross Short-Lived Fission Product Gamma-Ray Spec- 
tra as a Function of Time after Fission. 1. Time Dependence 
of Energy Groups. |. A. Love, W. Zonen, R. W, 
Oak Ridge Absolute experimental results 
will be pre ented for the photon decay rate of the yro | 
1.2 sec and 1500 see 
each of six photon energy groups covering 
0.28 and 5.0 Mev 
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mation extracted from this experiment will be discussed in 
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obtain the time dependence of the photon intensity within 
each of the six energy groups. Three overlapping runs for 
each energy group were required to cover the entire time range, 


K10."Gross” Fission} Product Gamma-Ray Spectra as a 
Function of Time after Fission. I]. Energy Spectra at Fixed 
Times. W. Zone, R. W. AND T. A. Love, Oak Ridge 
National Laboratory.-Experimental results will be presented 
for the gross fission product photon energy spectrum in the 
energy range from 0.28 to 5.4 Mev, measured at ten different 
times between 1.7 sec and 1550 sec after thermal fission. The 
detecting and recording equipment was essentially the same 
as that described in the preceding paper with additional timing 
equipment to allow for selected bombarding, waiting, and 
counting periods. These periods were chosen to avoid any 
bias against photons resulting from fissions occurring at the 
beginning of the bombardment. The analysis involved in the 
reduction of the raw data will be described, with particular 
attention to the correction for the nonuniqueness of the 
spectrometer pulse-height response to monoenergetic gamma 
rays. The results of this experiment will be compared with 
those described in the preceding paper. The total number of 
protons per fission and the total photon energy released per 
fission, each obtained by integration over the observed time 
and energy ranges, will be presented. These numbers will be 
compared with previous estimates. 


Kil. Gross Fission Product Gamma-Ray Spectrum. RK. W. 
Preece, T. A. Love, AND W. Zope, Oak Ridge National Labor- 
alory.The gamma spectrum of the gross U™* fission product 
mixture has been measured using a continuous fuel belt having 
a minimum rotation period of about 1.2 sec, At one end of its 
orbit, the fuel belt was exposed to thermal neutrons from the 
reflector of the Oak Ridge National Laboratory Graphite 
Reactor; at the other end the belt was observed by the colli- 
mator of a multiple crystal scintillation spectrometer. Prompt 
radiation originating at the points of fission was prevented 
from entering the collimator by water and lead shielding inter- 
posed within the circumference of the belt. The belt was 
rotated for a few hours before data were taken in order to 
provide approximate equilibrium of the long-lived gamma- 
ray emitters, and the spectrum during continued rotation was 
measured between 0.36 Mev and 5.8 Mev, using Compton 
and pair scintillation spectrometers similar to those described 
in the immediately preceding papers. The resulting spectrum 
is seriously biased against gamma-ray emitters with half- 
lives longer than 1 hr or shorter than 0.4 sec. The estimated 
standard error in the absolute normalization of the spectrum 
is 20-25%, based largely on difficulty in the determination of 
the fission rate in the fuel belt 


Ki2. Reactions of Uranium with 3-Bev Protons.* B. |). 
Pate AND G. FriepLANDER, Brookhaven National Laboratory. 
The formation of protactinium, astatine, and polonium 
nuclides in the bombardment of natural uranium with 3-Bev 
protons has been studied. Preliminary values for the formation 
cross sections (in mb) are given in Table I. The protactinium 
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cross sections are lower by factors of 2 to 4 than those at 
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K14. U***(n,2n)U**” Cross Section from 6 to 10 
J. D. Knicut, R. K. Smirn, R. A 
Los Alamos Scientific Laboratory The cross section for the 
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Optical and X-Ray Spectra; Molecular-Beam Experiments 


KA1. M:;, Absorption Spectra of the Elements Cr to Ge.* 
D. H. Tompouitan, D. E. Bepo, ann W. M. Neupert, 
Cornell University Recent investigations of the heretofore 
unexplored Mes; spectra of Cr, Mn, Ga, and Ge, together 
with supplementary measurements on Co, Ni, Cu, and Zn, 
make it possible to survey the energy dependence of the ab 
sorption coefficient, w(/), for the entire sequence of nine 
elements (Cr to Ge) in the vicinity of the Mz, edge. The Mz, 
discontinuity, which corresponds to the onset of 3p—+conduc 
tion band transitions, appears essentially as an unresolved 
feature above a high background absorption caused by 
valence band electron In each case the energy (in ev) 
corresponding to the midpoint of the change in absorption 


is observed to be: chromium 43.2, manganese 


at the edge 
49.8, tron! 54 7, cobalt 59.8, nickel 65 8, oppet 75 7, zinc 88.3, 


gallium 103.5, and germanium 123.3. A comparison of these 
values with existing emission data will be presented. On the 
high-energy side of the edge, the w(/) curves show a number 
of fluctuations. The paper which follows summarizes the 


measurements pertaining to the secondary structure 


* Supported by the Office of Ordnance Research, U, S. Army 
DD. bk. Carter and M. P. Givens, Phys, Rev, 101, 1469 (1956 


KA2. Secondary Structure in the M,, Absorption Spectra 
of the Elements Cr to Ge.* 1). E. Bepot and D. H. Tom 
BOULIAN, Cornell University.—A study of the soft x-ray 
absorption by thin foils of the elements extending from Cr to 
Ge has revealed the presence of secondary structure on the 
short wavelength side of the M2 edge. The observed spectral 
positions of various absorption maxima (measured in ev from 
the edge) are listed below. The peak positions are compared 
with available data’? for characteristic energy losses suffered 
by electrons in passing through foils of the same materials 
Possible correlations are indicated by including the loss values 
in pare ntheses Chromium, 10.3(9.7), 18.3, 22.7(21.8), 
26.7(26.0); manganese, 2.5, 6.7, 10.1(9.9), 16.6, 17.7, 
21.6(22.1), 28.2; cobalt, 4.5, 6.7(5.7), 11.7, 18.0(18.3); Nickel, 
6.2(6.0), 11.7(12.5), 18.2(17.6), 24.7(23.4), 39.2, 47.2(47.0) ; 


copper, 8.8, 14.3, 19.3(20.3), 30.3, 36.8; zine, 5.7(5.7), 
11.2(9.9), 16.7(17.0), 23.2(23.0), 29.2, 39.7, 48.2, 56.7; 
gallium, 13.5, 21.5, 25.0, 38.5; germanium, 14.7(16.0), 
28.7(30.0), 36.2(35.0). 
i part t he Office of Ordnance Researc! 

n Fellow, 

idlowitz, Advances in Electronic 

Vol. VII, pp. 183-238 

nd Marton, Phys. Rev. 101, 1460 (1956 


KA3. Optical Absorption of Solid Argon in the Far Ultra- 
violet.* J. R. NELSON AND P. L. HARTMAN, Cornell University 

An absorption peak centered at 1420 A (8.75 ev) is observed 
in solid argon. At the beginning of this work reflectivity 
measurements on solid argon in a liquid helium cryostat! 
only slightly modified were tried. Unfortunately, the over-all 
level of reflectivity of the solid argon was low, and no absorp 
tion ks are discernable. Therefore, an opacity measure 
men juiring four measured values at each wavelength 
u i ! ibstrate at about 8°K was attempted. An 
opacity ik at 1420 A was observed by this method. This 
peak h ilso been observed by a technique of solidifying 
the argon on a thin sodium salicylate! phosphor screen which 


has been put on a good thermally conducting crystal. Use of 


this technique eliminates need for a far ultraviolet transmitting 


substrate, and also a substrate opacity need not be measured, 
thereby necessitating only two measured values at each 
wavelength. Possible mutiplet structure in the 1420 A peak 
is being investigated, and the apparatus Is being further 
modified to make measurements at wavelengths shorter than 
1200 A to which we have been limited because of the necessity' 
of a LiF window in the cryostat 


° vorted in part by the Office of Naval Research 


Hartman, Nelson, and Siegfried, Phys, Rev. 108, 123 (1957 


KA4. Progress in the Analysis of the Te II Spectrum. M 
BERNARDA O. S. F., J. E. Mack, University 
of Wisconsin The Te IT spectrum has been extended with the 
help of new ultraviolet line measurements on plates furnished 
by S. Avellén, Lund University, and of excellent new Zeeman 
effect data from Vander Sluis and Griffin, Oak Ridge National 
Laboratory About 300 lines have been classified. The number 
of known levels' has been increased to 29 odd and 38 even ones 
plus several tentative ones, principally odd ones around 145 000 
to 149 000°K. A few approximate LS assignments seem pos 
ible for levels of 5s*5p* and Ss5p', but intermediate coupling 
makes such assignments meaningless for most of the levels. The 
g sums for the almost complete configuration 5s*5p*6p indicate 
the absence of appreciable configuration interaction, but 
except for 5s*5p', 5s*5 p*6p, and part of S5s5p*, interactions seem 
to be too strong to allow unique conhiguration assignments 
No series are known, but the ionization potential has been 
estimated at 18.6404 v from the spacing of successive level 
groups, in good agreement with Finkelnburg and Humbach's* 
screening-constant value of 18.84-0.5 v. Work on the spectrum 
is continuing 

* Now at Alverno College 

Murakawa, Ross, Pick, and van den Boach, Ph Ke 83,654 
Ww Finkelnberg and W. Humbach, Naturwissenschaften 42, 45 (1955 


KAS. Cross Sections for Excitation of Nitrogen by Protons 
of a Few Kev Energy.* N. P?. Carteron, Harvard University 

Cro ections for excitation by proton impact are necessary 
lor quantitative interpretation of auroral pectra These are 
being measured for excitation of nitrogen by protons of a few 
kev energy, using interference filter to select variou pectral 
feature ind a photomultiplier to detect the light emitted 
The light detection apparatus ts calibrated again t a standard 
tungsten filament lamp. The measured cross sections are not 
for excitation of a given molecular ene ry level, but rather for 
a process re ulting in the emission of one photon ina given 
transition. Provisional values for cross sections for 2.5-kev 
protons according to this definition follow: for the (2,0) band 
of the Meinel system of 47850, for i group 
of N I lines 3p*/" 3547’, 48185-8216, 0.910 For the 
lirst positive system of Ne the cro section should be 7eTo, 
ince the excitation by protons is forbidden. The ilue zero 
is consistent with present data, which indicate an upper limit 
of 8X10" cm? for the (4,2) band of thi ystem, A7500. Fast 
neutral H atoms, formed through charge exchange, do excite 
this band, however, with a cro ection of 1%10°" em?* 
Measurements of the energy dependence of these cro 
tions and of excitation of other features in Nz», O», and H 
in progress 


* This work wa 
Research Center 
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KA6. Isotope Shift in the Atomic Spectrum of Carbon.” 
C. R. Burnett, Pennsylvania State University.—Further 
measurements of the C'—C" isotope shift in C II and C III 
have been obtained.’ In addition, the C4 isotope shifts 
have been similarly observed for these transitions using a 
sample of BaCOy, enriched to 38% C. The observed shifts are 
(1K =1em™"): 


cu Cue Cu 
Cc ill 2s2p Ds +1.05 +0.03 K +1.96 40.05 K 
cil $0.96 40.02 K +1.76 40.05 K 
252p? +0.97 40.03 K +1.80 4+0,05K 
252 pt — 2593p 0.612 40,002 ~1,20 +0.05K 
~0.623 40,003 K ~1.12 +0.05K 


The positive sign indicates that the heavier isotope is shifted 
to higher wave numbers. The errors listed are based on the 
random errors in measurement. It is suspected that systematic 
errors due to weak background lines may also be present. The 
ratios of observed shifts in the first three lines listed agree 
with mass effect predictions to within experimental error as 
found also in C 14 


* Research supported by Research Corporation, 
'C. KR. Burnett, Phys. Rev, 80, 494 (1950) 

C, RK, Burnett, Phys, Rev. 
*J. KR, Holmes, J. Opt. Soc. 


99, 623(A) (1955). 
Am, 41, 360 (1951) 


KA7. Isotope Shifts in the Mol Spectrum.* R. H. HuGues, 
University of Arkansas.—The isotope shift in Mol 4d*5s* 
°D,—4d*5p *P transition at o=16577 kaysers =6031 A) 
has been studied in the hollow cathode spectrum from en- 
riched even isotopes with a Fabry-Perot interferometer. The 
94 —92, 96 —94, 98-96, 100 —98, and 100—92 shifts in milli- 
kaysers are —25.6, 18.5, 12.0, 26.0, and —82.9, re- 
spectively. The minus sign indicates a shift in the field effect 
direction. The estimated limit error of the measurements is 
#1.5 mK. The direction of the variation in the shifts was 
predicted by the position of the first excited states and the 
electric quadrupole transition probabilities as measured by 
Coulomb excitation! when these quantities are related to the 
isotope shift through the intrinsic deformation of these even 
even nuclei. The magnitude of these variations is smaller, 
however, than would be expected in terms of the deformation 
parameters as calculated by Heydenburg and Temmer.' 


* Supported by the U.S. Air Force through the Air Force Office of Scien- 


tific Research of the Air Force Research and Development Command 
IN. P. Heydenburg and G, M. Temmer, Ann, Rev. Nuclear Sci. 6, 77 
(1956), 


KA8. Radio-Frequency Spectrum of Hydrogen Deuteride.* 


W. E. Quinn, J. M. Baker, J. T. LA Tourretrte, ann N. F. 
Ramsey, Harverd University.-The molecular beam magnetic 
resonance method has been utilized the 
frequency spectrum of the HD molecule in the first rotational 


state to a considerably higher precision than the original 


to observe radio- 


investigation.! Measurements were made on the rotational 
spectrum, the deuteron nuclear spectrum, and the proton 
nuclear spectrum in applied magnetic fields of sufficient in- 
tensity to decouple the angular momenta concerned, The 
observed spectra are in agreement with a strong field ninth- 
order perturbation calculation. From an analysis of these 
spectra with the aid of perturbation theory, the rotational 
magnetic moment and following interactions are evaluated: 
the deuteron rotational interaction; the proton rotational 
interaction; the deuteron-proton spin-spin interaction; the 
deuteron quadrupole interaction; and the diamagnetic inter- 
action. The greater accuracy of the present values is attributed 
mainly to the following: the use of a homogeneous field ten 
times longer than the previous one'; the application of the 
separated oscillatory field method ; the use of higher precision 
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frequency measuring equipment; and the development and 
use of an electron bombardment ionizer as a detector 

* This work was ted t t OF 
Naval Research and the U.S. Ator Energy ( 

' Kellogg, Rabi, Ramee i Zacharias, Ph R 57, 677 (1940 
N. F. Ramsey, Phys. Re 58 6 (1940 


KA9. Theoretical Shapes of Molecular Beam Resonances. 
Norman F. Ramsey, Harvard University A Univa 


ompucer 


program has been developed for the calculation of the shapes 
of molecular beam resonances under a wide riety of circum 
stances. The program is applicable to systems involving 
simultaneous transitions between two or three different energy 
levels and to cases where the fixed fields, the amplitudes of 
the oscillatory fields, and the pha es of the oscillatory fields 
vary arbitrarily throughout the transition region. The calcu 
lation 1s applic ible to systems pert irbed at as many as nine 
different frequencies simultaneously and to arbitrarily de 

termined molecular velocity distributions. The problems so 
far computed include molecular beam resonances with three 
separate oscillatory fields, resonances with four separated 
oscillatory fields, and resonances with a gradually applied 
single os« illatory field. Slide howi the theoretical resonance 
shapes for these and other case will be shown 


KA10. Hyperfine Structure of Thallium-204.* G. O. Brink, 


J. C. W. A. NIeERENBERG, AND J. L. WoRCESTER, 
University of California, Berkeley Ihe hyperfine structure 
interval of 4-yr Tl has been measured by the atomic beam 
magnetic resonance method; the result is Avy =73245 Mc in 
the ground *P, state of thallium. Previous measurements have 
shown that the spin of this nuclide is 2.1 The hyperfine struc 
ture determination is made from observations on the transition 
(F =5/2, mp §/2«+F=5/2, mp 3/2) at five magnetic 
fields between 15 and 266 gau [he nuclear magnetic mo 
ment inferred from the measured hyperine structure of Tl™ 
and from the measured magnetic moment d hyperfine 
structures’ of Tl™ and Tl™® is 0.0894 4-0.0020 nm. The effect 
of this magnetic moment of the frequency of the observed 
transition is so small that no assignment can as yet be given 


for the sign of the magnetic moment 

* This work was done under the auspice f the | Atom Energ 
Commission 

' Brink, Hubbs, Nierenberg, and Worcester, Bull. A P Soc er, 2 
1, 343 (1956 

*H. L. Poss, Phys. Rev. 75, 600 (1949 

8 A. Berman, Phys. Rev. 86, 1005 (195 


KAl11. Nuclear Spin of Cu" (3.3 hr).* W. A. NicERENBERG 
H. A. SauGart, AND H. B. Sivsper, University of ¢ fornia, 
Berkeley.—The nuclear spin of 3.3-hr Cu® has been measured 
and found to be § by the atomic beam lear magneti 
resonance method using the apparatus described in reference 1 
The radio-isotope was prepared by the Co™(a,2n)Cu®™ reaction 
in the Berkeley 60-in. cyclotron. No chemistry was performed 
on the Co foil since it was found that an atomic beam of Cu 
could be formed by heating the target foil in the atomic beam 
oven. Normalization of the spin exposures was accomplished 
by exposures taken with the magnetic field ind the stop 
wire removed. This permitted the insufficiently deflected 
portion of the beam to reach the detector. A liary ¢ 
beam served to calibrate the tra ition magnet Id (C field) 
The measure spin of § for Cu® is consistent with the measured 
spins of § for Cu® and Cu®.? On the basis of the simple shell 
model the spin arises from the odd p} proton.* 

* This work w rted by the Office of N Rese " the | 
Atomic Energy i 

! Hobson, Hubbs, Nierenberg bee Rev. 104 
101 (1956 

Ritschl, Z. Physik 79, 1 (1932 

8M. G. Mayer and J. H. D. Jensen, Elementary 7 r bear ii 
Structure (John Wiley and Sons, In New York, 1955 
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Solid-State Physics III, Mostly Theory 
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LS. Effect of Order upon Longitudinal Lattice Vibrations 
in a Two-Dimensional Binary Alloy. |. ©. Brapitey, R/JAS 
The frequency 
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to include relativistic effects in the calculation of the cohesive 
energies of the alkali metals. A relativistic formula for the 
effective mass was derived from the Dirac equation for one 
particle in a periodic potential. The result has the same form 
as Bardeen's expression, except that Schrédinger wave func- 
tions are replaced by large components of solutions of the 
Dirac equation and a combination of P functions of j «4 and 
j= 4 is used. The ordinary quantum defect method contains 
all important relativistic corrections for the lowest state of a 
valence electron. The relativistic effective mass formula can 
be evaluated using the standard method, but different quan- 
tum defects must be obtained for P states of j =4 and j=}. 
This was done for cesium. The exact value of the correction is 
somewhat uncertain because of difficulties in extrapolation of 
the quantum defect to the energies of interest. The effect 
appears to change the cohesive energy 1% or less. 


* Supported by the Office of Naval Research 


L8. Energy Difference between Hexagonal and Cubic 
Metals. G. L. anp J. S. PLaskert, University of 
Virginia.—The energy of a stacking fault in a low valency 
(«wy }) cubic crystal has recently been calculated.’ It there- 
fore seemed of some interest to make a calculation, with the 
same approximations, of the hexagonal-cubic energy differ- 
ence, This energy difference, regarded as an energy per fault, 
is in very close agreement with the single fault calculation. 
The comparison is restricted to valencies <wy #y so that the 
“second-order” energy gap in 
the hexagonal crystal. The most important result, however, is 
that the single fault calculation is probably useless. In making 
the calculation it was necessary to use a discontinuous poten- 
tial across the fault boundary and for comparison the same 
potential was used in the hexagonal calculation. If, on the 
other hand, a continuous potential is used the hexagonal-cubic 
energy is radically changed, even in sign. 


Fermi surface does not cut the 


* Now at Westinghouse Research Laboratory. 
1R, W, Attree and J. S, Plaskett, Phil, Mag. Ser. 8, 1, 855 (1956) 


L®. Sommerfeld Model and the Heat of Solution of an 
Alloy. W. G. Henry, National Research Council, Ottawa 

The Sommerfeld model of an alloy is treated both by first- 
order perturbation theory and by an approximate second- 
order perturbation method initially due to Lennard-Jones.! 
The first-order treatment gives no terms indicating the forma- 
tion of a solution. The second-order treatment yields a term 
which is negative when either species B is dissoved in species A 
or vice versa and is identifiable as a contribution to the partial 
molar heat of solution at zero concentration. The charge ac- 
cumulation is calculated from the approximate first-order 
perturbed wave function. The displacement and the change of 
the width of the band are calculated. The problem of the 
polyvalent solute is discussed. 


J, Lennard-Jones, Proc, Roy, Soc, (London) A129, 59% (1930) 


L10. Three-Constant Theory of Impurity Diffusion on 
Grain Boundaries. W. Snockiey, J. Horernt, ann C. S., 


AND 


Roperts, Shockley Semiconductor Laboratory.—Consider a 
grain boundary attractive to solute atoms containing the 
plane x =0 in a cubic crystal with dilute solute concentration 
C(x,y,2,t). Consider a volume V of crystal with C=C») =con 
stant which contains an area A of grain boundary. Then the 
number of impurity atoms in V is CoV+CoAW where W is 
the effective width. If y and z are suitably rotated 
then a y,z,t) (Gyy+G.z) 


ibout axis, 
in the bulk 
s plus 
extra currents of G,D,W and G,D,W per unit length in the 


concentration C(x, 


produces the usual diffusion current density F 


boundary which define boundary diffusion constants Dy and D, 


The density of extra atom unit area may be written as 


Ca(y,z,t) W, 


per 


aC; D 
iz? 
where Cg must equal C(x,y,z,t) as x-+0 on both sides 
C,,’ are the limits of as from the axis 


and 


L11. Thermal Energy Neutron Scattering Employing Ein- 
stein Model.* R. M. DeL_aney, R. R. BorpeEKER, AND A. H 
WEBER, Saint Louis rhe Einstein model is ap 
plied to the scattering of thermal energy neutrons by atoms in 


University 


a crystal lattice. Exact expressions are deve loped for the co 
herent elastic Using empirically 
determined Einstein of the total 
cross section as a function of temperature and neutron energy 


cut-oll scattering of neutrons by 


and inelastic cross sections 


temperatures, calculations 
are made for below Bragg 
beryllium, magnesium, and aluminum, and comparison is 
Ihe results the Einstein model 


ubstances for room temperature and 


made with experiment show 


to be valid for thes 


above; and that as the temperature decrease the Einstein 


model fails. Using the Einstein temperatures as determined by 


crosg-section measurements, the Young's moduli are calcu 


lated for the three substances with reasonable agreement with 
actual values 


* Work supported b Resear 


the Office of Ord a 


L12. X-Ray Study of Textural Stresses in Two-Phase 
Alloys. C. J. Newron anp H.C. Vacuer, Natioanl Bureau of 
Standards.—F. | de 
internal stresses in two-phase 


veloped a theory of 
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the 1.05% 
spheroidized, and decarburized conditions were found to be 
+12 740, +6050, $580 Ib/in? vely These 
values were in reasonable agreement with values calculated by 


con 


carbor 
and 


means of Laszlo’s formulas 


1 F. Laszlo, J. Iron Steel Inst. 147, 174 (1943 
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Theoretical Physics III: Statistical Problems 


LAI. Equivalent Statement of the Second Law. Joun S 
TuomseNn, Johns Hopkins University —The second law of 
thermodynamics is most commonly given in the Kelvin- 


more abstract 
b it 


Planck or Claussius form and sometimes in the 
statement. A still 


formulation may be given in two parts as follow 


Carathéodory different equivalent 


1) Consider 


| 
| 
| 
| 
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ay 
tional 
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a system having a single mechanical degree of freedom with 
force X, displacement x, energy u, and temperature ¢t meas- 


ured on an (almost) arbitrary scale. The quantity 


J ty dt Oxst 

is a function of temperature alone and is the same function for 
all such systems. (Generalization to other systems is straight- 
forward.) This statement gives a directly verifiable equality 
involving only equilibrium quantities; it makes no reference 
to engines, cy< le S, Quasi tatic processes, or absolute tempera 
tures. Absolute temperature, entropy, and all results of re- 


versible thermodynamics follow as consequences. The second 


portion of the law is: (2) S20 for an isolated system 

LA2. New Foundation of Macroscopic Thermodynamics for 
Matter, Antimatter, and Space Alike. Austin J. O'Leary, he 
City College of New York The new thermodynamics resem 
bles that of Carathéodory and Born in the use of an integrating 
factor, but is otherwise fundamentally different in that cor 
servation of energy is the sole condition for integrability in this 
final form, that there exists no state in which 7 is quite equal 
to zero—new form of the so-called third law. It will be shown 
that the theory permits existence of systems on both sides of 
absolute zero with m, P, 7, and U either all positive or all 
negative. Presentation of results will be limited mainly to 
internally stable negative m, P, T, and l 
(1) They are sinks for radiation, do not radiate at all them- 
selves, and hence must be almost completely degenerate by 


systems with 


now but can never be completely degenerate since 7 can never 
laking 
vacated negative energy 

(3) Space can still absorb radiation in infinitesimal amounts, 


quite be zero. (2) pace to be composed of them, a 


tate or hole in space is antimatter 
7 40, from which we infer that photons from distant galaxies 
can acquire red shifts in proportion to the length ot path, the 


universe not expanding 


LA3. Linearized Boundary Problems in Kinetic Theory.* 
S. ZiERING, Syracuse University, anp E. P. Gross, Brandeis 
University The steady flow of a gas 
plates is investigated by solving the linearized Boltzmann 
to simple 
the low- 


between two parallel 


equation with the distribution function subject 


microscopic boundary conditions. Examination of 
pressure limit shows the essentially discontinuous nature of 
the distribution in velocity. To satisfy boundary conditions, 
one should distinguish between velocities directed towards and 
Accordingly we follow Yvon's method in 


theory, and expand each section of the 


away from a solid 
radiative 
distribution in polynomials orthogonal over the 
half of the 
satisfy a set of linear differential equations 


applied to the problems of shear flow and heat conduction to 


transter 
respective 
The space dependent coefficients 


velocity range 


This technique is 


obtain solutions valid for arbitrary ratios of mean free path to 


plate Linearization restricts the validity to low 
speeds and small temperature differences 
fifth and hard 


Rapid convergence over the entire pressure region is a direct 


separation 
Numerical results 
are obtained for inverse sphere molecules 
consequence of strict embodiment of the discontinuous feature 
The lowest approximation agrees with high approximations 
of the slowly convergent full range methods of ¢ hang and 


Uhlenbeck and Mott-Smith 


* Research supported by Office of Scientific Research 


LA4. Stochastic Analysis of a Variable Subject to a Quan- 
tum Force Spectrum. HANNA GOLDRING AND ARMAND SIEGEL, 
Boston University.—We have solved the problem of the diffu- 
a variable f subject to the Langevin-type equation 
S+vf=a(t), where the random force a(t) has the spectral 
density i.e., Nyquist’s quantum form 
of the noise spectrum.' Assuming Gaussian distribution for 
a(t), we get the conditional probability PLf{(t) |f(te) ] by calcu- 


sion ol 
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lating the correlation function® of f: (f(to)f(to+4))/(*(to)® 
Verification of the validity of the assumed spectrum could in 
principle be obtained with these results through direct an- 
alysis of noise curves in time. (Work is now in progress toward 
a similar analysis of diffusion of colloidal particles.) The ex- 
tremely slow fall-off with frequency of the quantum noise 
spectrum, even at quite low temperatures, still presents an 
obstacle to experimental verification, in that extremely fine 
time resolution of the measured curves would be required 


Re 32,110 A. Welton 


ing Chen Wang and G, 1 


1928); H. B, Callen and T 


Uhlenbeck, Revs, Modern Phys. 17, 424 


LAS. Correlation Times of Fluxes in the Quantum Theory 
of Transport Processes.* Hazime Mori, Brown University 
coethcients can be expressed in terms of 
function of the W(t) 

We mainly consider the viscosity coefficient 


The various kinetx 
the correlation 


m(FF(t)+F(t)F 


corresponding flux F, 


N 
of the quantum gases », where F = PisPiy. The change with 
| 


time of the Heisenberg operator F(t) can be described by an 
operator T(t,to) (t—to)L J, \/ih. In 
order to separate the effects due to the molecular interaction 
from the free motion, K (t,to) mexp(—tLo) T(t,to) 
Xexp(toLo), where Lo is the L operator of the kinetic energy 
Ho. Then, the binary collision approximation leads, in the 
limit of #, to K(t,0) where wi, is re 
| 


where 


lated to the scattering matrix for the collision between moles 
ules and j to give (p|wijF| p) (p| p). is the colh 
sion integral operator familiar in the kinetic theory of dilute 
gases and contains the complete quantum-mechanical scatter 
(P™P)— Pi), 18 
of with the eigenvalue —3| p|QO(p)/mo, 
is the transport cross section. Thus, if, 
deviation of the w,; is small from their average value as for the 
Maxwell then the correlation function 
decays exponentially with time to give 7» =4(F*)/3nk1(2| p 
x O/m). The behavior of 9 will be discussed for some potential 


an eciventunction 


on the average, the 


ing cross section 
where 


classical molec ule, 


functions. 


* Supported in part by the U.S. Air Force 


LA6. Grand Partition Function for Polyphase Systems 
Involving Long-Range Forces. W. (>. MCMILLAN, Unwwersity 
of California, Los Angeles, and The RAND Corporation 
Motivated by the remarkable absence in the literature of a 
partition for the Thomas-Fermi (TF) 
arbitrary temperature, a general method has been developed 
for the statistical treatment by the method of the grand parti 


function atom at 


ibly degenerate) particle 
( oulomb) 


such conditions it is no 


tion function Z of a system of (po 


interacting with long range (e¢.g., forces in the 
presence of an external field. Under 
longer possible to hold constant all intensive properties 
assembly of the system, so that LAD exp Bry), now 
has to be identified thermodynamically with expp2(p*V* 

SN "dj*), where a designates throughout which 


uniform, and the 


during 


a ‘phase 
the pressure is integral relates to the re 
versible isothermal process of assembly. By neglecting quanti 
may be cast 


parti les 


ties of second order n the density fluctuation, 2 


in the form appropriate to strongly interacting 


moving in a self-consistent potential. Elementary operations 
then lead to the other 
virial theorem which, for the TF atom, correctly reduce to the 
conclusion that the Gibbs 


thermodynamic functions and to the 


results of Brachman.' However, hi 
free energy is not extensive in the number of electrons is 
shown to be a con equence of treating the nucleus as an ex 
ternal field, rather than as one of the components of the mix 
ture 
'M.K 
(1954 


Brachman, Phys, Rev. #4, 12645 (1951); J. Chem. Phys. 22, 1152 


Phys. Rev. 83, 34 
(1945 
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LA7. Application of Macke’s Statistical Density to the 
H.O.* M. G. Kivecson, The RA ND Corporation.—The prob- 
lem of the linear harmonic oscillator with the first ten levels 
singly occupied has previously been studied as a convenient 
test of the accuracy of various statistical procedures for the 
calculation of the particle density function. Of the three 
procedures studied,’ only the Plaskett? modification of the 
Thomas-Fermi method was found capable of reproducing the 
fluctuations of the exact wave mechanical density, p(x). The 
form of the Plaskett density, however, depends critically on 
the choice of an arbitrary parameter, A calculation of the 
particle density (p9m(x)) has been carried out using the ap- 
proximate wave mechanical procedure proposed by Macke.* 
pm (x) is found to fluctuate with a wavelength which is close to 
the wavelength of p(x), although the amplitude of fluctuation 
is somewhat too large. pw (x) reproduces the general form of 
p(x) almost as well as does the Plaskett density with the 
parameter selected for best fit, and, furthermore, is specified 
uniquely 

* This study was performed by the author as a Consultant to the RAND 
Corporation and was sponsored by the U.S. Atomic Energy Commission 
aan Ballinger and N. H. March, Proc, Phys. Soc. (London) A67, 378 


2J.S. Plaskett, Proc. Phys. Soc. (London) A66, 178 (1953). 
*W. Macke, Phys. Kev, 100, 992 (1955), 


LA8. Collective Modes of Oscillation for the Many-Body 
Problem at High Density.” J. K. Percus anp G. J. Yevick, 
Stevens Institute of Technology.--We are seeking the normal 
modes of oscillation for the many-body problem. As an aid to 
analysis, we first determine the normal coordinates at the two 
extremes of density (relative to range of force). Our hope is to 
bridge the gap between the low- and high-density regions. 
Since the direct high-density or strong coupling limit is a static 
one, a preliminary scale transformation in time and space is 
required. If the interaction potential is expanded about 
equilibrium position, and terms through quadratic are re- 
tained for the zeroth approximation, diagonalization of the 
Hamiltonian is straightforward, yielding normal coordinates 
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* Supported by the Office 
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LA9. Normal Modes of Oscillation for 
Problem at Low Density.* G. |. Yevicr 

Stevens Institute of Technol lhe a ) for 
modes of osc illation at low ty 1s ¢ inct from that at 
high density in that there now ‘ i limit, 
namely the free lin he new difficulty, that the 


limit is characterized by 


normal 


parti le 


behavior, is overcome by ¢ 


to pa 


which enables one 


picture. Next we switch o1 
determine the 
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that the new angle 
From these angle 
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Experimental Papers with a Bearing on Parity 


M1. Depolarization of Positive Muons in Matter.* 1). 
Bertey, T. Corrin, R. Garwin, L. LepermMan, AND M. 
Weinricu, Columbia University —We have investigated the 
state of polarization of muons after stopping in various ma- 
terials. Preliminary evidence shows that the muon beams are 
nearly 100% polarized. This is deduced by comparing the 
asymmetries obtained in the muon beam! with those observed 
by w—u-—e decay in nuclear emulsion,? in propane bubble 
chambers? and in liquid hydrogen bubble chambers.* The 
depolarization in various materials is studied by measuring 
the peak to valley ratios with a standard requirement of 9.3 
g/cm? on the decay electron energy. The results are for y* 
mesons : C; 1.80+0.08; CHy,, 1.6040 15; emulsion, 1.38+0.09; 
calcium, 1.6640.10; aluminum, 2.004-0.20; H,O, 1.4140.10; 
sulfur, 1.040.08; NaCl, 1.04015. In the case of nuclear 
emulsions, the depolarization was unchanged when the pre- 
cession time was decreased, thus decreasing the average time 


which the muon spend 
results will be discussed 


€ 


Adair et 


M2. Energy Dependence of the Asymmetry in Polarized 
Muon Decay.* Corrin, R \ ERMAN, M 
WernricuH, AND ID). Columbia ty In 
tinuation of recent experi 


aco 


dependence the asymmetr 
if from dec 


the ratio 


bution art 
determining 
positron rate in the a 


he 


For carbon thicknesses of 9.3, 


ness of carbon traversed by the positre 


results are at hand 


a 
E 

of Naval Research 

ss freely from individual to collective 
intention potential and 
a riables by a perturbation tech 
olution of a set of first-order 
age 
| } 
* Supported by the Office of Re tomic 
al. (to be published 
polarized m done by 
the maximurt t ‘ ium 
lar distribut is a function of thick 


24.5, and 25.8 cm’? we find peak-to valley ratios of 
1.84+0.1, 2.14+0.10, 2.2440.35, 3.17+0.64 and 
When res i 


corresponding to the 9.3 g/cm? point is found 


55+1.6, respectively ition effects are included, 
the distributior 
to be (6) 


If this point is used to normalize the theoretical expressions 


0.305 +0.033 cosé for positive muons in carbon 
then the data may be compared with 
lo do this, the 
positron range calibration curves provided us by the Chicago 


given by Lee and Yang, 
the predictions of the two-component theory . 
Che tentative results indicate good 


betatron group are used 
agreement with the choice u*—+e* 


* Supported by the Office of Naval Research and the U.S. Atomic Energy 
Comr ion j t progt 


M3. Remarks on Formation of Muonium in Gases.* 
VERNON W. HUGHES ty and Columbia Univer 
ily Lhe existence of polarized py" 


Ya Uniwer 


mesons from the wt decay 


and the angular asymmetry in the distribution of e* decays 
which are associated with parity nonconservation, 


t id 


from 
may make possible of the hyperfine structure (hfs 


~4500 Me 


tron (muontum) 


ec) of the bound state of a u* meson and an elec- 
With thi 
relevant to the formation of muonium 


At kinetic energie 


velocity i 


motivation estimates have been 
made cross 


s of order (e*/ao)(m,/m,), for which 


ith pase 


the w* meson comparable to the velocities of 


electrons in a gas molecule, the cro ection for the capture ol 
an electron by a w* meson is of order wa,?; the cross section 
for the ionization of muonium ts of 


sufficiently low kinetu 


imilar magnitude. At 
energies so that the breakup of mu 
onium is energetically forbidden the cross section is several 
orders of magni maller. For a gas with an ionization 
energy le than the binding energy of muonium (13.5 ev) 


muonium formation compete with decay of the free ve meson 


and with attachment of uw? to a molecule. For a gas with 


ya 
ionization energy greater than 13.5 ev the w* meson may fall 
below the threshold for muonium formation due to inelastic 
and elastic collisions and will then decay without forming 
muonium 

* Research supported t by A Office of Scientific Research and 


by U.S. Atomic | way ( 


M4. Experiments on Parity Nonconservation. I. Decay 
Asymmetry of the Free w*.” RK. A. SWANSON N. P. CAMPBELL, 


E. L. Garwin, J. C. Sens, V. L. Tececor, S. C. WriGut, AND 
D. D. Yovanovircn, Universit f Ch The violation 
of parity (and charge co gation) conservation in the qw* 
eut—ee? deca ha has recently bee establishes experi 
mentally}? An a nmetry of the form W(x) 1 +ax(x 
De py) has bee observed here in the decay of polarized 
uw” Ss in prece ion experiment milar to those of reference 1 
The ition of a 62-Me beam Vv topped in 
various materials placed i i field of 88 ga The decay e* 
were detected with a 2-counter telescope placed at 90° to the 
incident be im, defined by i milar telescope. Delays between 


by means 
and the 
Thus 
x = cosut (w = guoB /207 ind after correction for decay a 1s 
obtained directly. We find for a 0.27+0.02; 
Be. 0.224002: Teflon. 0.19+40.03: SiOs(eryst), <0.05 
SiO. (fused) <0.05; propane (liquid), 0.184-0.015 


beam and e* pul ( were converted to pul e height 
of a conventional circuit? modified to cover 2.7 psec, 


delay spectra were displayed on a 100-channel analyzer 


iphite 


* Resear ted | t ‘ f the Off fr il Research 
ithe 
G Le I Re to be ! ed 
ed nand V.!I eleg Ke to be ed 
27, 166 (1956 


Weber t a (ra berg K i 
M5. Experiments on Parity Nonconservation. II. Search 
for “Muonium” (ute~).* N. P. E. L. Garwin, 
R. A. Swa yw, V. L. S. C. Wricut, 
AND D. D. Yovanovircnu, University of Chciage The forma- 
tion of a (ute™) atom, 


‘muonium”™ can be the possible cause 


for the reduced asymmetry of « —e decay in certain materials 
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of these atoms would 
state, while the other 50 
depolarize itself rapidly owing to hf splitting and could any 


From completely polarized, s = 4ut's 50%, 


be formed in a 4S,, m 1 would 


how not contribute to precession eflects being in an m O state 


Conversely, if the state with m 1| is formed, and not ce 
polarized within about a microsecond, it should prec mn 
weak external fields and yield the same effects as the free y* 
in high fields. Precession experiments would give the g factor 
and hence a direct clue to the spin of the muon By analogy 


it was anticipated that 


(Vitreosil) 
substances indeed exhibit le 
fused SiOeecryst SiO, 


with positronium experiments in solid 
muonium would be formed in Teflon and fused SiO 
in appreciable amounts. These 
metals, but the 


difference observed in positronium ¢ its do« not aris 


asymmetry than 


We performed prece ion experiments in leflon ind Vitreosil 
it O.4 gau 
has been obtained to date. Experiment 


no conclusive evidence for muontum prece ton 
with these and other 
materials are being continued, and their results will be re 

ported 


* Research supported by joint program of the Office of Naval Research 


und the Atomic Energy Commission 


M6. Experiments on Parity Nonconservation. III. Energy 
Dependence of Asymmetry.* L. Garwin, N. P. 
J. C. Sens, R. A. Swanson, V. L. Tececpor, S. C. Wricut, 
and D. D. Yovanovircu, University of Chicago The coeth 
cient a governing the asymmetry of electron emission in the 
decay of polarized muons will in general be a function of the 


electron energy, and conversely the decay spectrum will 
depend on the direction of observation with re pect to the 
pill The functional dependence governed by the 
umed ; the recently advanced two 
! 


type of decay interaction a 


component theory of the neutrino! in particular makes rather 


pecifie predictions for a(p,). In the apparatus described in a 


preceding abstract,’ the 2-counter electron telescope has been 
replaced by a plastic scintillator and a Nal(Tl) crystal 
(5 in. diam, 4 in. long) to obtain good energy resolution. The 


Nal spectrometer was calibrated with electrons up to 50 Mey 
from the ¢ hicago betatron Measurements are in progre " ind 
their results will be compared both with theoretic il prediction 


and experiments in which varying thicknesses of absorber are 


used for energy discrimination? 

* Research supported by joint program of the Office of Naval Kesearch 
ind the U.S. Atomic energy " 

Abd Le 1 Vang ! ed 1) 
Landau eprint obtaine the Inet te for ! ‘ tud 

1Swa Campbell, Garwin, Se Telegedi, Wright, and Vo tel 
Bu m. P er. 2, 208 (19 t 

‘(Garw Lederman, and Weinrich, Post-deadline paj t the 195 
New York Meeting, and ent private icat 


M7. Angular Distribution of Low-Energy Positrons from 


Decays.” |. A. Put \. E. BrRenner, ann R. W 
Witttams, M/7, R. Bizzarret ann R. H. 
University of Chicag AND R. H. Mitnurn, N. FF. Ramsey 


A.M. SHariro, K rraucn, J.C. Street, and L. A, Youna, 
Harvard Unuwersity A 6-in. diam propane bubble chamber 
ha been exposed in the 82 Mev w* beam of the University of 
Chicago Synchrocyclotron \ magnetic hield reduced the 


remanent magnetic field in the chamber to le than 0.2 yau 


An analysis is being made of the wt —ywt —e* event curring 
in the chamber. On the average five uch event ire seen on 


each photograph. All events in which the decay electron stops 
than 12 Mev) are being analyzed 
ind e* lo date, 
117 such have been measured and the results are O°-60°:31; 
60°-90° :29; 90°-120° :30; 120°-180°:27. These data 


a reduction of the backward exce 


in the chamber (ene ryy les 


for the space angle between the y* direction 
ugygest 

erTryy 
predicted 


observed when high- 
electrons predominate.' Such a reduction has been 


by Lee and Yang.? Further results will be reported 


rted art by the t the 
Office of : Research and the t t | ray ¢ 

(a Lederman, and V rich (to be iblished); V.1 eleg und 

Friedn to be published 


Lee and C, N. Vang (to be published 


22.2, 
1.8 
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M8. Spin Momentum Correlation in the Beta Decay of 
Polarized Li* Nuclei.* M. T. Burcy, W. C. Davipon, 
T. B. Novey, G. J. Pertow, ann R. RinGco, Argonne National 
Laboratory.-Observations have been made which corroborate 
the experiments of Wu,' Garwin et al.,2 and Telegdi® on the 
failure of the beta-decay interaction to satisfy the previously 
assumed requirement of parity conservation. These effects 
have been observed in the beta decay of polarized Li* nuclei 
produced by the capture of polarized thermal neutrons by Li’? 
in LigCO,, These neutrons were obtained using the Argonne 
CP-5 reactor and were polarized by the transmission method. 
Preliminary data give an anisotropy (n,—n_)/(n,+n_) 
= —0,044-0.01 in a beam that was 26% polarized where n, 
and n_ are, respectively, the numbers of electrons emitted in 
and opposite to the direction of the neutron spin. The usual 
spin-spin coupling, which would depolarize the Li* nucleus, 
is reduced by the fact that the g factor for the Li®* is different 
from that for the surrounding Li’ nuclei. The effect of the 
formation of F centers in reducing the relaxation time and 
reducing the anisotropy has been observed. Thermal anneal- 
ing of the sample restores the anisotropy. 

* Based on work performed under the auspices of the U. 8. Atomic 
Energy Commission, 

CC, S, Wu et al., Phys. Rev. (to be published), 


*? Garwin, Lederman, and Weinrich, Phys. Rev. (to be published). 
* J. 1. Friedman and V. Telegdi, Phys. Rev. (to be published). 


M9. Interpretation of the Anisotropy Observed in the Beta 
Decay of Polarized Li*.* 1D. Kuratu, Argonne National 
Laboratory.—The polarization of Li* nuclei formed in the cap- 
ture of polarized thermal neutrons by Li’ is determined by the 
J of the capturing channel. Since the Li’ ground state is J = 4~, 
capture of s neutrons will lead to J =1~ or 2~, which then de- 
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cays by electric dipole emission to the Li* ground state, J =2* 
The polarization of the Li* ground state as measured by the 
expectation value of Jz is 
(Ig) = 
Uz = 


4P for J=1 
T for J =2 


where P is the fractional polarization of the incident neutrons 
The sign and degree of anisotropy observed in the beta decay 
give information indicating a preferred channel for formation 
of Li*. The results of this comparison will be presented 


* Based on work performed under the auspices of the 
Energy Commission 


M10. Angular Distribution of the Electrons in Cosmic-Ray 
Decays. C. M. G. Larres, P. F. Fowver, P. Freier, 
E. P. Ney, ann S. J. St. Lorant, University of Minnesota 
The angular distribution of the decay electrons 
ray w mesons has been measured with respect to the direc 


from cosmic- 


tion of ejection of the uw in the w decay at rest. The meson 
decays were observed in a 20-liter stack exposed for 8 hr at a 


field 


produc ed 


residual pressure of 6 g/cm*. The only external magneti 
present was that of the With 
mesons stopping in emulsion, the 
been found to have a backwards peak.' If the 
a cos6, our data based on 700 parti les 
0.18+4-0.03 for 


was 


earth accelerator 


angular distribution has 
angular distri- 
bution is of the form 1 
indicate an a=0.0+0.07 in 
the accelerator experiments. The 


started after the results of the Columbia? and Chicago group 


contrast to a 


foregoin 


g experiment 


were made known 


Telegdi (private communication 


J. Friedman and I 
and Weinrich (private communication 


? Garwin, Lederman 


FRIDAY MORNING AT 9:30 
Sheraton Hall 


(H. D. presiding) 


Invited Papers 


MAI. Radioactive Fallout. W. F. Linpy, Atomic Energy Commission 


40 min 


MA2. On the Energy Spectra of Nuclei. AaGr Boner, l/niversity of Copenhagen. (40 min 
MA3. Catalysis of Nuclear Reactions by Mu Mesons. Hucu Brapner, University of California 


Berkeley. (40 min.) 


FRIDAY AFTERNOON AT 1:15 
Sheraton Hall 


(F. J. Dyson presiding) 


Symposium on the Nonconservation of Parity 


N1. Conservation Laws in Weak Interactions. T. D). Ler, Columbia University 


(30 min 


N2. Nonconservation of Parity and of Charge Conjugation in Beta Decay. C. S. Wu, Columbia 


University, (30 min.) 


N3. Columbia Experiments on Polarized Muons. R. L. Garwin, JBM Watson Laboratory. (30 min.) 


N4. Work of the Chicago Group on Nonconservation of Parity. V. L 


Chicago. (30 min.) 


TELEGD!, University of 


N5. Beta Spectrum from the Decay of Positive Muons. K. L. Crowe, Stanford University. (30 min.) 


S. Atomic 
: 
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Pil. Coulomb Excitation of States in wTh**. F. K. Mc- 
GOWAN AND P. H. Stetson, Oak Ridge National Laboratory 

Gamma rays of 790-, 740-, and 613-kev energy are observed 
when Th*® is bombarded with 4.0 to 6.0 Mev protons. The 
angular distribution of each gamma ray with respect to the 
incident proton beam has been measured at EL, = 5.0 Mev. Both 
the variation in gamma-ray yields with proton energy and the 
results from the angular distribution measurements are con 
sistent with the direct excitation of a 2+ state at 790 key 
which decays by means of £2 radiation to the J =0+4-, 24-, and 
possibly the 4+ members of the ground state band. The re- 
duced transition probabilities for E2 decay, B(2)4, are 
(4.3640.50), (8.241.2), and (7.241.1)K10°" cm‘. These 
B(E2) gare larger than those given by the independent particle 
estimates by factors of 5, 10, and 8.5. The 50-kev gamma ray 


f the 2+ state of the 


resulting from Coulomb excitation « 
ground-state rotational band has been observed when 
is bombarded with 3.0 to 4.6 Mev a@ partick aking ar = 333, 
we obtain B( 22) (1.3340.20) K 10°“ cm‘ for this transi- 
tion which is 157 times the independent particle estimate 


P2. Coulomb Excitation of Cs and Ba. L. W. Facc, Naval 
Research Laboratory. —Studies have been made of the gamma 
ray spectra of Cs and isotopically enriched Ba™*® and Ba'*’ 
when bombarded by three-to-five Mev alpha particles from 
the Naval Research Laboratory large Van de Graaff generator 
The spectra were examined with a 2-in. Nal spectrometer 
whose energy and efficiency were calibrated with standard 
sources. The following gamma rays were observed: Cs, 82, 
160, 302, and 379 kev'; Ba'*, 214 kev; Ba'*’, 281 kev. The 
thick target excitation curve for the 302-kev gamma ray 
matches the theoretically calculated curve for a level at 379 
kev. This implies that the level at 379 kev decays by cascade 
through the 82-kev level in agreement with studies of the 
decay. Measurements of the reduced transition proba- 
bilities for excitation will be presented. The results of investi 
gations of some of the even Ba isotopes will also be discussed 


iG. M. Ten 1N. P. Heydenburg report an 85-ke gamma ray 


er 


and 
from Cs, Phys. Rev, 93, 351 (1954 
?M. Langevin, Compt. rend. 240, 289 (1955 


P3. Counter System for Identifying Mass and Measuring 
Energy of Charged Particles.” Boyer, J. A. NortHRor, 
AND R. H. Strokes, Los Alamos Scientific Laboratory The 
n coincidence with 


study of the proton energy spectrum 
fission induced by the (d,p) stripping reaction on fissionable 
nuclides required a high solid angle counter system capable of 
discriminating against other charged particles in the same 
energy range The system devek ped identifies the part le by 
solving the relation Mass = k2*(E +4 Eo)AE/Ax and accepting 
only those particles with a specified ma The rate of energy 
loss, AE /Ax, is measured by a transmission ion chamber, the 
energy, £, is measured by a sodium iodide scintillator, and 
the multiplication is performed by adding the logarithms of 
the pulse heights. The discrimination obtained is limited by 
the energy loss straggling in the ion chamber and by in 
accuracies in the multiplier. For a loss of 1.2 Mev, deuteron 
pulses out of the ion chamber have a width of 11% and a dis- 


crimination of 10° is obtained between deuterons and protons 


* Work performed 


1 under the auspices of the | Atomic Energy Com 
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P4. Coincidence Techniques for Cyclotron Experiments.* 
J. A. Norrurop, R. H. Srokes, AND Ketrn Boyer, Les 
Alamos Scientific Laboratory In order to obtain fission 
thresholds using the (d,p) stripping reaction to induce fission, 
it was necessary to minimize and accurately measure the 
chance background when taking coincidences between protons 
and fission events. In addition to the natural bunching at the 
rf rate, an external cyclotron beam is generally modulated 
strongly at frequencies extending to several hundred kilo 
cycles and thus it is necessary to measure the chance rate by a 
delayed coincidence tec hnique In the system used for these 
experiments, the resolving time was less than the interval 
between natural bunches. The true-plus-chance channel re 
corded coincidences between protons and fission events be 
longis gy to the same bunch and the chance channel recorded 
coincidences between fission events from one bunch and pro 
tons from two bunches later. Two pulse-height analyzer 
were used to record simultaneously the proton energy spec 
trum associated with each channel. Care was taken to treat 
both channels identically to make their chance sensitivity 
equal atevery energy 


* Work performed under the auspices of the U.S. Atomic Energy Com 


mission 


P5. Fission Thresholds from (d,p) Stripping Reactions.* 
R. H. Strokes, Boyer, anp J. A. Norruror, Los 
Alamos Scientific Laboratory. Fission thresholds have been 
determined for U®*® and U™* by measuring the energy spe 
trum of protons in coincidence with fission events induced by 
14-Mev deuterons. The rise in the | “5(d p f) cro section 
as a function of excitation energy of the fissioning nucleus is in 
fair agreement with data from neutron-induced fission, Using 
a published value for the neutron binding energy, the excita 


tion energy to produce fission in U™* is about 5 Mev corre 


sponding to a neutron fission threshold in U™® of 1.5 Mev 
A peak with a width of 4 Mev is superimposed on the U™*(d,p S) 
cro ection curve at an excitation energy corre ponding to 


the addition of a thermal neutron. Further comparisons be 
tween these data and those obtained from neutron-induced 
fission will be presented 


* Work performed under the auapices of the t \tomic Ilnerg om 


P6. Interaction of 6-Mev Deuterons with Tritium and He’.* 
J. Jr., W.S. HALL, L. Rosen, Los Alamos 
Scientific Laboratory.Six-Mev cyclotron accelerated deu 
terons were used as the bombarding particles in a nuclear 
multiplate camera. Angular distributions for scattering and 
for reactions were obtained with T or He* as target The 


elastic scattering from both targets is quite similar and i 
characterized by a secondary maximum near 90° c.m. The 
He® scattering cross section is depressed below the tritium 
scattering in this region. Similarly, the two primary reactions 
D+T-—-n +Het+17.6 Mev and D+He*--p+Het+18.4 Mev 
have almost identical angular distributions in this region with 
an incipient maximum in the vicinity of 70° c.m. As in the 
D+D primary reactions, neutron production is slightly more 
prolific than proton production, In the D+T reaction our 
charged particle measurements are in good accord with neu 


tron measurements.’ 


* This work performed under the auspices of the U. 8S. Atomic Energy 
Commission 
is Bame, Jr. (private 


son, Phys, Re 104,421 (1956 


mmunication A. Caloneky and ©. H. John 
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P7. T(d,2n)He’* Reaction.* L. Rosen, J. E. Jr., 
AND W. S. HALi, Los Alamos Scientific Laboratory.—In addi- 
tion to the reactions T(d,n)He* and T(d,pn)T, we have re- 
cently identified the previously unobserved subject reaction 
at 12- and 14-Mev deuteron energies. The He? particles were 
detected in nuclear emulsions and identified as doubly charged 
particles on the basis of their specific ionization. These par- 
ticles are attributed to the T(d,2n)He® reaction rather than 
to an excited state of Het on the basis of energy and momen- 
tum considerations, The end points of the range distributions 
at the various angles correspond accurately to the maximum 
energies available to the He? particles. The range distributions 
show no evidence for a bound state of the di-neutron, nor for 
a virtual level of width less than 0.5 Mev. However the 
inferred He* energy distributions do not agree well with that 
calculated for a three-body process occurring with random 
probability in momentum space. The deviations, although 
not startling, appear to be significant and may be a conse- 
quence of interaction between the outgoing neutrons. It is 
anticipated that the analog reaction He*(d,2p)T will proceed 
with approximately the same probability as the subject 
reaction, the cross section for which appears to exceed the 
He'(d,p)He* cross section at these energies. 


* Work performed under the auspices of the U, S, Atomic Energy Com 


mission, 


P8. Angular Distributions of Protons from B'(d,p)B" Re- 
actions.*¢ K. S. Lew anp N.S. Watt, M/7.—The angular 
distributions of the two highest groups of protons from 
B"(d,p)B" reactions were studied with the 15.1-Mev deuteron 
beam obtained from the MIT cyclotron. A Nal (TI) scintilla- 
tion spectrometer, with a Lucite absorber, 
the protons. This absorber eliminated the elastically scattered 
deuterons and increased the relative energy separation of the 
two proton groups we studied. The target used was B2!Ox. 
The results of the measurements were in agreement with the 
theory of stripping for both groups. The result for ground 
state, In=1, was consistent with those obtained elsewhere.+:? 
However, the present result showing stripping for the first 
excited state gave an In value of In=2, Neither a direct 
stripping reaction or any (d,p) reaction interpretable as having 
an In =2 component has been observed to date with deuteron 
energies up to 10 Mey.’ The significance of these results will 


was used to detect 


be discussed. 
* Thesis submitted by one of us (K.L.) at Massachusetts Institute of 
Technology. 

t This work was supported in part by a joint program of the Office of 
Naval Research and the U. S, Atomic Energy Commission 


iN. T, S. Evans and W, C, Parkinson, Proc, Phys, Soc, (London) A67, 
684 (1954), 
*J. KR, Holt and T. N, Marsham, Proc, Phys. Soc, (London) A66, 1032 


(1955) 


* B. Zeidman and J. M. Fowler, Bull. Am, Phys. Soc. Ser. I, 1, 325 (1956 


P9. Excitation Curves for the Ca“(d,p)Ca“ Reaction.* 
L. L. Lee, Jr., anp J. P. Scutrrer, Argonne National Labora- 
tory. Excitation functions for the Ca®(d,p)Ca" (ground- 
state) reaction have been studied with a 30-kev thick Ca 
target at 30°, 90°, and 150° from 1.50 to 4.22 Mev bombarding 
energy. The total cross section ranges from 6.1 to 10 mb over 
the energy range studied. At least 30 resonances in the excita- 
tion function were observed with widths approximately equal 
to or less than the target The intensity of the 
resonances indicates that compound nucleus formation ac- 
counts for at least 20% of the reaction. Angular distributions 
were measured at 7.5° intervals between 0° and 157.5° in the 
laboratory system. Although these show strong fluctuations 
over resonances a general forward peaking is apparent through- 
out the energy region studied. 


thickness. 


® Work performed under the auspices of the U.S, Atomic Energy Com 
mission, 
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P10. (p,d) Reactions in Light Nuclei.* EnGar F. BENNETI 
Princeton University.—The angular distributions of deuterons 
from reactions induced by 18 Mev protons have been meas 
ured using targets of Be’, C4, N16, Fi Mg26 1 P®, A thin 
proportional counter velocity selector in conjunctic with a 
Nal crystal for energy determination was found to be ade 
quate for identifying deuteron groups unambiguously. Det 
teron groups leading to the ground and one or more low-lvi: g 


observed and 
the distribution in each case wa Butler! type 
curve. Reduced neutron emission were extracted 
from the data, and compared with the shell model predictions 


nucleus 
fitted with a 


excited states of the residual were 


widths for 


for C'4(p,d)C, N'8(p,d)N™, and I '9(p,d)F"*. Results of these 
cak ulations will be prese nted 

* This work was supported by the | t Energy ¢ i n and 
the Higgins Scientific Trust I id 

1S. T. Butler, Proc. Roy. So« Lond A208, 559 (1951 

P11. Differential Cross Sections for (d,p)Pb”’ Reac- 
tions.* M. T. McEvtistrrem, H. J. Martin, D. W. MILLER, 
AND M. B. Sampson, Indiana University In an effort to 
investigate the effectiven #f stripping reactions as a spectro 
scopic tool in heavy nuclei, the Pb®*(d,p) Pb proton groups 
to the ground and first seven excited states of Pbh®’ have been 
sinlied. Thin targets of 88%, Pb®® (~0.25 mg/cm*) were pre- 
pared by evaporation of radiogenic lead onto tl 0.004 mil) 
Au backings Phe target thickne was deter ied from yield 


measurements of the elastic ittering of 21.8-Mev a particle 


at angles less than 60 Phi cattering has bee shown! to 
have the Coulomb angular dependence to withi few percent 
for such angles. The prot from the (d,p) reacti were ob 
served with a double-focusing magnetic pectr ieter. From 
proton energy measurements we find consecutive O-value 
differences of 0 60, 0.35, 1.83, 0.92, 0.76, 0.27, and O 57 Me 
for the eight groups, beginning with the g1 d state-first 
excited state difference. All eners have ertainties o 
+0.02 Mev. Differential cross sectio for laboratory angle 
between 12.5° and 140° were measured at an i lent deutero 
energy of 10.8 Mev. Angular distributios how moderately 
pronounced maxima at angk ear or |e t 90°. Below 
the peak, the cross section va pidl h angle, but at 
large angles it drops slowly to 70-80% of the peak valu 

* Supported by the j t grat ) ! 
U.S. Ator ic 


P12. Elastic Scattering of Deuterons by Nuclei.* Warr 
HECKROTTE AND HENky P. Stapp, University of Califorr 
Berkeley.—The usual impulse approximat treatment of the 
elastic scattering of high-energy deuterons by 1 lei takes into 
account the interaction of one or the others le f the 
deuteron with the nucleus.’ Such a treatment fails. however 
to yield a satisfactory explanation of the « perimental itter 
ing cross section and polarizatio he ipulse matic 
has been extended to include the effect of the simultaneou 
scattering of the two nucleons of the deuteron with the leu 
This additional contribution is important at both large and 
small angles, and leads to a satisfactory fit of the differential 
cross section for 156-Mev deutero incident « carbo 
The results of the calculatio: is they ipply to the polarizatior 
of the deuteron will be reported 

rk was done ler the f 


Chamberlain 


win, Segré 
Rev, 103, 1502 (1956 
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P13. Angular Distributions of Alpha Particles and Deu- 


ee Scattered by Heavy Nuclei.* Joun R. Reest anp 
B. Sampson, Indiana University The angular dist: 

nd of 22-Mev alpha particles and 11-Mev deut 

tered elastically from uranium, bismuth. gold d tantal 

have been measured using the Indiana University cyclotror 


| 
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| 
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rhe same targets and apparatus were used for both deuteron 
and alpha-particle experiments so that a direct comparison of 
the differential cross sections for the scattering of the two 
parti les from the same nucleus was obtained. The deuteron 
distributions invariably depart from Rutherford dependence 
(csc0/2) at a smaller angle than do the alpha-particle distri- 
butions. The semiclassical theory of Ford and Wheeler which 


describes the pote ntial scattering of charged parti les at the 


FRIDAY 


Sheraton-Park, 


Q1. Two-Cavity Maser Spectrometer.” A. JAVAN AND T. C 
WANG, Columbia University A beam maser spectrometer can 
be operated with two cavities. Microwave power is introduced 
into the first cavity and molecular emission is observed in the 
second cavity. The power emitted in the second cavity from a 
beam of uniform velocity distribution is 


12 12! Bers ‘ 
P = 2h 2h sint( 2h 


where N is the beam intensity, £; and Ey the amplitudes of 
the electric field in the first and second cavity, 71 and rz the 


transit times. In this equation it is assumed that the micro 


wave frequem y is al the resonance center Hence, for small 
E:, P is proportional to FE». In contrast to this situation, in a 


one cavity system the emitted power i proportional to E* for 


small E. Now if the cavity loss is proportional to #?, it can be 
Ls 


shown that in the latter case, a thre hold value for N is nece 


sary to obtain a self-su tained oscillation However, in atwo 
cavity system, radiation is obtained in the second cavity for 
$—3 lin 


any value of N. The main ammonia and its magnetic 


satellites are observed experimentally 


* Work supported jointly by the n 


Cort the Office of Naval Ke 
search, and the Air Resear 1 I> and 


Q2. Sodium D-Line Atmospheric Emission Observation at 
High Altitudes. J. BLAMoON1,* 
by J. E. Mack) It is not possible to observe sodium atmo 


pheric emission from the ground with magneti canning 


University of Pari introduced 


apparatus! for a solar depression angle 6 le than 1° because 
of the low-altitude scattering of sunlight. We have attempted 
to observe the emission d iring the day with the same tech 
nique at an altitude of 15 km Four flights were performed 
during October 1956 at this altituce in an airplane. The emi 

sion could not be observed during the day, but the ab orption 
line observed during the day changed into an emission line 
near 6=0 The curve from the observation aloft is therefore 
essentially similar to that obtained on the ground. The inten 
ity ol the plate iu l the ame, while the time wher the absorp 
tion change to emission 1 hifted toward the day by not 
more than five minute Ihe scattering observed in the high 
altitude experiment 1s reduced before sunset, but not as much 
as expected. In order to observe possible emission during the 
day, experiments at higher altitudes are necessary 


* Now at the | ersity of Wix 
1 J. Blamont, Compt. rend. 237, 1320; J. Blamont, Proceedings of the 1955 
Belfast Symposium 


Q3. Spectrum of Turbulent Fluctuations Produced by 
Convective Mixing of Gradients. A-nert 1). WHEELON, 7 he 
Ramo-Wooldridge Corporation.Isotropic fluctuations of ‘a 
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nuclear surface accounts for the alpha-particle distributions 
strikingly well in the cases of gold and tantalum. In the cases 
of uranium and bismuth, theory and experiment are less com 
patible, and no agreement is obtained for deuteron scattering 
Lhe plausibility of the parameters used to obtain theoretical 


fits will be cise ussed 


* Supported by the joint program of the Office of Naval Research and 
the U.S. Atomic Energy Coma ior 
t Now at Harvard University 


passive scalar y produced by turbulent convection are in 
vestigated. The source of irregularities is considered to be the 
turbulent mixing of an established gradient of ¥. The mixing 
velocity field is described by Heisenberg's spectrum for homo 
genous, isotropic turbulence. Replacing the (self-mixing) trans 
fer of energy down the spectrum by an equivalent diffusion 
term, the local fluctuation spectrum becomes 


Stk (Vw)? 


where k, is the viscosity cut-off wave number of the velocity 
field. In the similarity range (k@k,) this result agrees with 
the spectrum deduced from purely dimensional argument 

Support for the above spectrum comes from the scattering of 
radio waves by dielectric fluctuations in the troposphere and 


phere 


Q4. Scattering of Neutrons by Slightly Imperfect Gases.* 
Ropert M. Mazo, University of Chicago. recent studic 
of slow neutron scattering by molecule the translational 
degrees of freedom were treated as those of an ideal gas. We 
how that the differential cross section can be expanded in a 
power series in the density of the gas, the first term of which 
is the previously known result. The higher terms contain 


integral analogous to the virial coefticient The cro ection 

for scattering with energy transfer eis proportional to the tin 

fourier transform of (et "es y, Where k is the mo 


mentum transfer, r,(t) is the Heisenberg position operator of 
parti le and the 18 All Clise mble averape I or mon 
itomic gases with potential of intermolecular force V(r), the 
econd term in the ¢ x pansion has been approximatel evalu 
ited under conditions in which the statistical averaging may 
be done classi« ally (room t mperature, for ex imple ), both for 
the direct (v =v’) and interference (v#v') scattering. The 
inaly I can easily be formally extended to pol tom 


mole ule 


* Sup by the t Atomic nergy Cor 


port n 
C, Zemach and KR. J. Glauber, Phys, Ke 101, 118, 129 (1956 


QS. Isotopic Thermal Diffusion Constants for the Noble 
Gases.* 1. 1. MORAN AND W. W. Watson, Vale University 
Since thermal diffusion is a second-order effect, measurement 
of the temperature dependence of the thermal diffusion con 
stant a@ prov ick an excellent check on the force law betwee n 
molecules. Values of a were measured in a “Trennschaukel,"" 
a device which compounds the “two-bulb” process sufficiently 
to yield large concentration difference with a temperature 
difference of no more than 90°K. We have measured the a 


value s for normal neon and for argon containing about 10%, 


4 a 
4 
> 
‘ 
2 


210 


argon 36 from 230°K to nearly 700°K. At lower temperatures 
the a values of neon and argon are respectively about 4 and 
4 of the values given by Stier.” It is found for both neon and 
argon that a increases more rapidly with increasing average 
temperature of the gas than was previously thought. The neon 
case indicates a Lennard-Jones 6-12 potential with a force 
constant of 120°K while the argon data agree with the modi- 
fied Buckingham exp-6 law using a force constant of 210°K. 
Results will be given for krypton and xenon, 

* This work was supported in part by the U. S. Atomic 
mission. 


. Clusiue and M. Huber, Z. Naturforsch. 
iL Stier, Phys. Rev. 62, $48 (1942). 


Energy Com 


10a, 230 (1955). 


Q6. Kinetic Theory of Loaded Spheres.* Joun S. DanLer, 
Wright-Patterson Air Force Base.—The kinetic theory of a 
multicomponent system of loaded-sphere molecules is de- 
veloped in a manner patterned upon that of Chapman and 
Enskog. We find that the formal theory of such a system is 
equivalent to that for a mixture of rigid nonspherical molecules 
whose centers of mass coincide with their centers of symmetry. 
The kinetic theory of a simple gas of rigid nonspherical mole- 
cules has been presented by Curtiss! and so the present work 
is litthe more than an extension of Curtiss’ work to multi- 
component systems. This problem is of more than academic 
interest since it provides a simple explanation of the thermal 
diffusive enrichment of a mixture such as O'C#O!* and 
O"C#O!*" where the molecular species differ only in their 
moments of inertia. A development similar to ours has been 
independently carried out by Curtiss and Muckenfuss (un- 
published) and their results are apparently in complete accord 
with those presented here. 

* Supported in part by the National Science Foundation and the Office 
of Naval Research and published as University of Wisconsin, Naval Re- 


search Laboratory Keport WIS-ONRK-23, 13 (December, 1956) 
C.F, Curtiss, J, Chem. Phys, 24, 225 (1956), 


Q7. Physical Properties of Fine Mixtures. W. S. Ament, 
Naval Research Laboratory (introduced by G. T. Rado). 
Previously! we showed that the physical properties 4, 5, 
= {a} of a suspension formed by volume fractions f/; of small 
spherical particles p; with properties |a;|, radii r;, in a fluid 
with properties {a} were implied in equations F,;({a}, 
where Aj =rAF;({a}, {a;}) are the volume- 
proportional scattering coefficients of p,; isolated in the fluid 
Generalizing Landauer's argument,? we obtain the implicit 
formulas Om fai}) for the proper- 
ties {4} of fine isotropic mixtures Gf volume fractions f; of 
materials with properties {a;}(2iyfi=1). We give results for 
(a) Peltier coefficient, (b) Thompson coefficient, (c) electric 
conductivity, and (d) thermal conductivity for idealized two- 
phase alloys. Qualitatively, one must know each of a, b, c, d for 
both phases to predict 4 or b for mixture, and measure each 
of a, b, ¢, 2 in confirming experiments. We present similarly 
intertwined results for (c) and Hall constant (RX), obtained by 
perturbation calculation of the appropriate spherical scatter- 
ing coefficients; the unsolved exact problem is displayed as 
possibly relevant to magnetic resonance in polycrystals or 
multidomain systems. 


Ament, Bull, Am. Phys. Soc. Ser. II, 1, 
*R. Landauer, J. Appl. Phys, 23, 779 (1952). 


179, 293 (1956), 


Q8. On the Theory of Anisotropic Obstacles in Wave 
Guides and Cavities.* Watrer Hauser, Lincoln Laboratory. 

The Schwinger variational method may be used to obtain 
approximate solutions to the problem of a cavity or wave 
guide containing materials with tensor electromagnetic proper- 
ties. With the introduction of an appropriate dyadic Green's 
function, one obtains a formal solution to the problem in terms 
of integrals involving the field vectors within the perturbing 
medium. Stationary expressions from which the integral 
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equations for the fields and their 
been construc ted. The 
pressions represent 
of the perturbed cavity, the 
of an anisotropic obstacle 


adjoints are derivabie have 
ynal ex- 
irequency 


elements of the catte ig 


extremal values of the variatic« 


uch quantities as the resonant 
matrix 
within a guide w the propagation 
constant of filled by an ani 


material. 


a wave in a guide partially otropit 


* The research reported in thi 
J. S. Army, Navy, and Air F 
Technolog 


Q9. Studies on Electrically Exploded Wires. Cuartes P 
NasH*® anp W. G. MCMILLAN, University of California. L 
Angeles.—Small diameter (~No. 40) copper v of 10 cm 


length is exploded by thyratron switching ac: 1 yfd at 
attended 
with the phe menon 
ited b 
100 psec 


15-20 kv. When carried out in air thi 
by two distinct shock 
of two successive current pulse epai 
“dark pause” Although 
the energy expended in the first pulse is ne total 
available, the light output during the secon Ise least 
100 times Shock 
have been measured differentially employing 
detectors. With the 
altogether, giving current and 
to those short. Here we 
siderable ation of the wire 
reported by Conn. ‘The behavior of 
rods (1.91 mm o.d.) in air is 
vacuum. For 1.45 mm i.d. capillarie 
silver plated, ghe single observed 
corresponding to a 


xplo 
waves, associated 


the well-} own 


which may range from ~10 


as great arrival time 


wire in vacuum the dark pau 


volt ive OS¢ illogr im 


for a bussbar ilso observe 
material 
10 cm silver 
to that for 

10 cm lo 


pulse decay 


recondens 


similar 


resistance of 8 ohm 


* General Electric 


Q10. Microradiographic of Micron Systems.* 
HENKE, “contact printing of 
images of microscopic material which is laid up 
grain photographic plates can yield micrograms which permit 
microscopic 
micron dimensions 
can be obtained for 


Analysis 
Pomona College Phe 


iltra-fine 


microphotometric analysi 
Sufficient 
these systems when the 
radiograms are made with the ultra-soft x-rad 
to 50 A region.'? Standard 
be applied to the microradiograms for qua 


and 


absorption 


ab or pt 
and microchemical analysis 
tion coefficient data for thi 
provided that the 
graphic camera, of the 
microphotometric 
the work conducted at 
practice of contact 
systems will be presented 


provided that ge I ibsorp 
ind 


proper design of the conta nicroradio 


emulsions, and of the 
employed. A first 


laboratory on the theory 


photog iphi 
apparatu 
this 

microradiogra phic 


report on 
and 


analysis for micron 


* Supported by the Office of Scientific Resea 


' Arne Engstrom (dissertation) Acta Rad 
ndberg, J. Appl 


* Henke, White, and Li I 


Ql1l. Mechanism of Leakage Current in Electrolytic Ca- 
pacitors. Kurt LEHOVEC, Electric Company.—The 
leakage current through aluminum oxide electrolytic cay 
tors arises from electrons injected into the 


Sprag ue 


alumin itl 


discharging negative ions. Diffusion effects seem 
Field distribution in the 
arising from trapped electrons 
electrolyte interface 
field intensity 


density 


oxide is governed by 
Electron concent: 
il to the quare 
(neglecting surface charges). The 
(V) relation becomes 


=[1+(i/i*)4 


is proportion: 
voltage 
V/V* 


ubic 


Ke) 


with voltage fr 


Here V* =2kT 


indicating a change 
to a quadratic relationship 


increasing om a 


7 document was su ted t the 
a e under tract with M etts It 
ft 
Charles A. Coffin Fellow, 1955-1956 
has 
| 
., Suppl. LXIII (1946 
*hys. 28, 98-105 195 
| 
ible 
e charges 
at 
ie on at the 
a the lo« il 
ic current 
| 


SESSIONS 


= equ (kT )*\*/ (2ee*y*K*L'); where kT /e: voltage equiva- 
lent of temperature; e*, ¢: dielectric constants of electrolyte 
and aluminum oxide; yw: electron mobility; « =8.84x«10~“ 
amp sec/v cm; A: ratio of bulk concentration of ordinary 
negative ions to those (impurity) ions which can discharge at 
the oxide interface; K: ratio of electron concentration at 
interface to that of dischargeable negative ions; y—1: ratio 
of trapped electron concentration to that of free electron 
concentration; L: thickness of oxide film 


Q12. New Explanation of the Operation of a Capacitor 
Microphone as a Total Radiation Detector.* Mary L. Har 
BOLD, Temple University (introduced by J. L. Bohn).—A 
capacitor microphone acts as the variable capacitor of the 
tank circuit of a simple Hartley oscillator. Incident radiation 
is chopped by means of a rotating disk at frequencies from 25 
to 12 000 cps. The fluctuations in capacitance of this micro- 
phone frequency modulate the oscillator and it can then be 
detected by a standard FM receiver at a convenient distance 
Analysis of the instrument was made for a wide range of metal 
and metal-coated diaphragms, with and without blackened 
surfaces. Results indicated that the chief cause of the response 
was an instantaneous surface expansion of the front surface of 
the microphone caused by the heating from energy absorption 
This forward surface motion is of sufficient magnitude to 
move the entire front electrode toward the light source to 
produce responses of considerable magnitude in less than a 


millisecond. Tests at atmospheric and at iow pressures 


QAI. Excitation of Molecular Vibration by Collision.* 
Morris SALKOFF AND ERNEST Bauer, New York University 
We have calculated the cross section for excitation of the first 
vibrational state of a hydrogen molecule by collision with 
another hydrogen molecule using the intermolec ular potential 
employed previously by one of us.' The radial wave equation 
was integrated on the New York University UNIVAC for 
relevant values of angular momentum /. The results sup 
port the previous calculations! in that the principal contribu 
tion to the cross section comes from relatively large values of /, 
of the order of 10 to 15. However, in the range of incident 
kinetic energies 0.5-2 ev the cross section increases approxi 
mtely linearly with energy above threshold, having a value of 
approximate ly 10~'* cm? at an energy of the order of one ev 


4 


rted in part by t U.S. Air Force and the U. S. Atomic Energs 


Bauer, J. Chem. P 23, 1087 (1955 


QA2. Torsion-Rotation Interaction in Symmetric Tops.* 
S. KRONGELB AND M. W. P. SrrRanpBEeRG, MI7 rhe satel 
lite lines caused by hindered internal rotation have been ob 
served for the J=0 to 1 and J=1 to 2 over-all rotational 
transitions in methyl silane (CH,SiH;). The results have been 
compared with Kivelson's treatment of the problem, and good 
agreement found.’ A variation in dipole moment with internal 
torsional state is also expected since the hindering barrier 
forces apart the two end groups of the molecule when the 


internal rotational angle deviates from equilibrium. This 
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showed gas effects were also present but occurred after a 
longer time interval 


* This work was supported by the Air Force Cambridge Research Center 


Q13. Accuracy Study of Circumlunar Flights. Leon BLirzer* 
AND ALBERT D. WuHreLon, The Ramo-Wooldridge Corporation. 

Error coefficients for rocket flights about the moon' are 
computed. For this purpose, the rotation of earth and moon 
about their common mass center is neglected and a generaliza 
tion of Euler's solution® for motion in the field of two gravi- 
tating masses exploited, Uncertainties in the distance of 
closest approach (dca) to the moon are related to errors in 
the rocket's burnout position and velocity vectors. Errors in 
the required speed for bound orbits (37 000 fps) scale as 800 
miles/1 fps. Velocity direction gives only second-order errors 
by choosing a minimum energy orbit. A fundamental frac 
tional uncertainty in the earth's equatorial potential GM/R 
of 210°* implies an irreducible error of 300 miles. These 
values are comparable with the moon's mean radius 1080 
miles. It is found that the moon's attraction tends to smooth 
such errors. The rocket's return-to-earth position (rep) is 
controlled by the interaction of the moon's field and uncer 
tainties in the missile’s “impact parameter” (i.c., dea), as 
well as uncertainties in the moon's mass. Numerical estimates 
of these error coefficients will be presented 

* On leave from University of Arizona : 

H, Clement, moon rocket,’ Rand Corporation (May 7, 1956), 

*E. T. Whittaker, Analytical Dynamics (Cambridge University Presa, 
New York, 1937), p. 97 


variation has been observed and is in agreement with the 


phenomenological theory 


* This work was supported in part by the U.S. Army gnal Corp the 


{ S. Air Force (Office of Scientific Research, Air Research and Develop 
ment Command), and the U.S. Na (Office of Naval Kesearch 
1D. Kivelson, J. Chem. Phys. 22, 1733 (1954 


QA3. Micromodulator -a Device for Measuring the Inten- 
sity of Microwave Absorption Lines.* Rk. 1). Marruck ano 
M. W. P. SrranpperG, MIT.—An apparatus for determining 
the absolute intensity of an unknown microwave absorption 
line up through the K-band region is described. It employ 
the strong paramagnetic resonance of an organic free radical 
(di-phenyl trinitrophenyl-hydrazil) as a standard. The radical 
is placed in a section of wave guide connected in series with the 
absorption cell containing the unknown. By varying the ap 
plied magnetic field, the free electron resonance may be shifted 
to any desired frequency. A method of narrowing the standard 
line for display, by sweeping the magnetic field, is presented 
The equations and measurements required are given, to- 
gether with a discussion of the accuracy of the method 


* This work was supported in part by the S. Army gual Corps) 
the U.S. Air Force (Office of Scientific Research, Air Research and Develop 
ment Command and the U.S. Navy (Office of Naval Kesearch 


QA4. Shape of Collision Broadened Absorption Lines in 
the Microwave and Infrared Domain.” K. Gora, 
Providence College E. P. Gross has shown that both the 
Lorentz and the Van Vleck-Weisskopf formula for the shape 
of collision broadened absorption lines can be derived from a 


— 
| 
‘ 
f 
i 
| 
Commission 
a 
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simplified form of the Boltzmann equation where the collision 
integral is replaced by a relaxation term of the type (f —fw)/r; 
the expression fy in this term is assumed to represent an 
average for the distribution functions of the absorbing oscil- 
lators after collisions with the perturbing molecules. If fry 
describes an equilibrium state with respect to the instan- 
taneous value of the radiation field, the Van Vleck-Weisskopf 
formula is obtained, while the Lorentz formula follows from 
the assumption that no such equilibrium is established. A more 
general line shape formula has been derived by replacing the 
usual expression for the collision integral in the Boltzmann 
equation, which is valid for instantaneous collisions only, by 
an expression permitting time-averaging over the duration of 
the collision, For low frequencies this line shape formula 
reduces to the Van Vleck-Weisskopf formula, and for high 
frequencies to the Lorentz formula, For atmospheric absorp- 
tion lines the transition between these two line shapes is to 
be expected at frequencies of several hundred thousand 
megacycles. 


* Supported by the Air Force Cambridge Research Center. 


QAS. Modulation Method for Observing Infrared Absorp- 
tion Spectra.* James C. Gitrert AND DupLEY WILLIAMS, 
The Ohio State University.—The total integrated absorption of 
a strong spectral line of Lorentz shape is proportional to the 
square root of the product of the total pressure P and the 
absorber concentration w in an absorption cell of fixed length 
at a fixed temperature.' This phenomenon has been used as 
the basis of a modulation technique for studying infrared 
absorption of gases. The parameters P and w in an absorbing 
sample are varied periodically at a low frequency by means of 
a bellows arrangement attached to the cell, thereby varying 
the total absorption of each line. The consequent periodic 
variation in the intensity of the dispersed radiation reaching 
the detector in a spectrograph produces a periodically varying 
voltage that can be amplified by conventional techniques. 
This modulation method has been used to map the spectra 
of several of the less common atmospheric gases such as N,O, 
CO, and CH,. Typical tracings will be shown, and advantages 
and disadvantages of modulation techniques will be discussed. 

* Supported by a contract between the Air Force Cambridge Research 


Center and The Ohio State University Research Foundation 
! Howard, Burch, and Williams, J. Opt. Soc, Am, 46, 237 (1956), 


QA6. Fundamental of N'°O.* Wittiam H. FLercHer anp 
Greorce M. Becun, Oak Ridge National Laboratory.-The 
absorption spectrum of the fundamental of nitric oxide was 
observed with a sample containing 94% of N'*. All but two of 
the spin doublets and part of the rotational structure of the Q 
branch were resolved. The molecular constants are: *y: 
Boy = 1.6146 By, = 1.5984 = Di = 3 K10-% em", 
Vo = 1843.05 Boo =1.6577 Buy =1.6410 
Dog = Dig =8 cm™", Vo = 1842.79 

_™ This paper is based on work performed for the U. S. Atomic Energy 
Commission 


QA7. Microwave Spectrum of Trimethylamine. 1). E. 
MANN AND Davin R. Live, Jr., Netional Bureau of Standards 

The and transitions in trimethylamine, 
(CH,)aN, have been measured. The lines from molecules in 
the ground vibrational state follow the expected symmetric- 
rotor pattern. Molecular constants in the ground states are: 
B «8720.85 Mc, Dy «5 ke, =0.609 D, eqQ 5.47 Me (for 
N*). Each ground-state transition is surrounded by a number 
of satellite lines which result from molecules in excited states 
of torsional oscillation. The interpretation of the satellite 
pattern will be discussed. 


QA8. Anomalous Rotational Spectrum in Tm'".* E. N. 
Hatcnt F. Boreum, California Institute of Technology. 
It has been shown recently! that Tm'” exhibits an anomalous 


rotational band characteristic of a K =4 ground state with 
striking similarity to the rotational spectrum in Tm'®. In 
order to compare the rotational parameters of the K =4 band 
in Tm'” with values obtained previously? for Tm'®, precision 
measurements of the gamma rays emitted following the 7.5 
hour beta decay from Er'™ have been carried out with the 
measured garama 
5.06 +0.05, 
210.62 


two-meter curved-crystal spectrometer. The 
rays have the following 
12.404 0.05, 111.634 0.02, 116.69+0.03, 124.0340.03 
+0.15, 284.94+0.7, 295.97+0.15, 308.37+0.15. The « 
of the two low-energy gamma ray 
pectrometer 


energi in Key 


ergies 
using the 


urement 


were obtained 


From these mea 


} rotational 


semicircular beta-ray 
the following constant 
band: decoupling parameter, a 
constant, fh?/2/ =11.631 ke. 
Ey? +-0.02965. omparing these 


were computed for the K 
).8563: rotational plitting 
d-order correction term, 


rameter with those ir 


Tm!®, it is of interest to notice that the relatively large cha: 
i 


of a cannot be accounted for entirely by the small change in 


nuclear deformation. Transition intensities and other features 


of the level scheme will be discussed 
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QA9. Submillimeter Wave Spectroscopy: ND,.* 
ERLANDSSONT AND WALTER Duke Uni 
J =0—+1 rotational transition of D,; has been mea 
the region of 0.97-mm wavelength 
rotational spectrum is an inversion splitting and a N“* nuclear 
quadrupole hyperfine splitting. The two components of in 
306 735.0 Me and 309 909.35 
frequencies, Av 3174.4 
nversion splitting of the 
154 162.7 Mc/sec 1s 


and 


(sORDY, ersily 


Supe rimpo ed upon the 


version doublet were observed at 
Mec/sec. The 
Mc/sec, represents the sum of the 
J=O and J=1 The value of B 
obtained from the arithmetic mean of the two « 
the infrared value of Dy, 3.4 Mc/sec. The By is consistent with 
the value 1.0144 A and 107° for the bond length and bond 
angle. A tentative value for eQq(N*) i 4.20+0.15 


difference in these 


levels 


omponent 
nponen 


* Supported by the Office of S 
t Permanent address: Uni 


cientific Resear >. Air Force 
QAI10. Submillimeter Wave Spectroscopy: DCl.* Monrot 
J. Cowan AND WaLterR Gorpy, Duke University.—The 
J =(0—+1 rotational transitions in DCI** and DCI*’ have been 
f 0.93 m 
both the Cl 


and D 


measured in the wavelength n. Nuc 
hyperfine structure was 


nuclei. Preliminary results are 


obser 


For DCI** For DCI# 
423 295.70 40.65 2? 349.48 +0.65 


161 656.09 


ve(J =O —+1) in Mc/sec 
Be in Me /sec 

roin A 1.28125 

B, in Mc/sec 163 340.1 

rein A 1.27 

in Me/sec 67.3 

The values of r and of B employ the infrared D 

by Pickworth and Thompson.' Measurements and 


of the deuterium hyperfine structure are not yet complete 


* Supported by the Office 
1J. Pickworth and H, W 
37 (1953). 


QAII1. Precision Measurements of Millimeter and Sub- 
millimeter Wave Lines of CO.* WaLter Gorpy AND Monro} 
J. Cowan, Duke University The J =0-—+1 line of CO was 
the first spectral transition measured in the 2-3 mm wave 
region. Further improvements in harmonic ge 1 
detectors have made possible mors asurements of 
this and higher rotational transitio occurring in the sub 
millimeter region with a video-type spe 


rators am 


precise m 
p i I 


trometer employing a 


3 
: 
J 
212 
| 
mal Laborator Upton, Long 
Inst. Nucle ar Sci B ris Kidrict 
i Starner, B 4m. Phys. Soc 
04 
as nd, Phys, Rev. 104, 745 (1956 
2 
a 
= 
8124 
0) 
27463 
salysia 
aes f Scientific Research, U.S. Air Force 
Bee Thompson, Proc. Roy. So London) A218 


slow sweep and high fidelity amplifier. We have obtained 


vo(J =0—+1) = 115 271.195+0.015 Mc/sec 
(J =1—+2) =230 537.974+0.030 Mc/sec 
(J =2-+3) 345 795.900+-0.090 Mec/sec 


for C#O'* in the ground vibrational state. These yield 


Bo =57 635.965 +0.008 Mc /sex 
Dy =0.1838 40.0005 Mc /sex 


From infrared wavelength measurements, Rank has obtained 
Bo 1.922521 +0.0000035 em™ for C"O"*. The ratio of our Bo 
value to his yields the velocity of light as 


299 793.7+0.6 km/sec 


which is in good agreement with the value, c =299 793.04.0.3 
km/sec, recommended by DuMond and Cohen. Actually the 
microwave By of C#O'* is now known to an accuracy better 
than that of c, and further improvement in the infrared meas- 
urements could lead to a significant improvement in the value 
of the velocity of light 


* Supported by the Office of Scientific Research, U.S. Air Force. 


QA12. Velocity of Light Derived from Spectroscopic Meas- 
urements on Carbon Monoxide. 1). H. Rank, Pennsylvania 
State University.—Wavelengths of 34 lines of the 0-—+2 band 
CO have been measured by an interferometric method. 13A,F” 
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values have been obtained over a range of J values from 1 to 
29. The analysis of data yields a Dy value of 6.117 10°*4-0.01 
<10°* cm™. The final value of By obtained was 1.922521 
+-0.0000035 cm~'. When the infrared Boy is combined with the 
89 obtained by microwave methods by Gordy' and Nethercot 
and Rosenblum? the velocity of light ¢ = 299 793.840.6 km 

sec. The value of Do measured in this investigation agrees 
within experimental error with the latest highly precise micro 


wave determination of Do communicated by Gordy.’ 


Gordy (private commuuication) 
7A. H, Nethercot and R. Rosenblum, Columbia Radiat Laborator 
Third Quarterly Report, 1956 


QA13. Millimeter Wave Cell for Precision Measurements 
of Both x and o Stark Components.* Broyo Buatrracnarya, 
WaLTerR Gorpy, AND Oromt Fuyu, Duke University \ 
parallel plate Stark cell has been constructed which allows 
Oand AM t Stark 
components of molecular transitions occurring in the shorter 


precision measurements of both AM 


millimeter wave region. Precise measurements have been made 
on HCN for both the AM <0 and AM 


for low, intermediate, and high field values. Nuclear magnetic 


component and 


coupling has been detected and measured in HCN, and a more 
prec ise value for the N'* quadrupole coupling ha been ob 
tained. A description of these results will be given 


* Supported by the Office of Scientific Research, | Air Force 


RI. An Electron Microprobe for Local Analysis by Means 
of X-Rays.* Davin B. Witrry, Jesse W. DuMonp, anp 
Pot Duwez, California Institute of Technology 
has demonstrated that it is possible to determine the compo 


Castaing' 


sition of volume elements of the order of 5 to 10 cu yw at the 
surface of an alloy by measurement of the intensity of charac 

teristic x-radiation produced under the impact of an electron 
beam which has been focused to a fine probe. The intensities 
of the x-rays, when corrected for continuous background, 
self absorption in the target, fluorescence exc itation, etc., can 
be related to the mass concentration of elements present in the 


target with minimum recourse to standards. The accuracy of 


the method is about 1%, for element present in the region 
hombarded if the concentration is greater than about 1% 
An instrument for local analysis based on this method has 
been deve loped The electron probe 1s formed by foc using the 
crossover trom a self biased triode elec tron gut by means of 
magnetic electron lenses. Using a single reducing lens, a 
current of 0.1 wa has been obtained on a spot 5u in diameter 
inalyzed by 


The X-rays are means of a vacuum x-ray spec- 


trometer which uses a curved quartz crystal. In this instru 


ment, the gate of the detecting system is controlled by the 
integrated target current 

* This work was initia supported b Watertown Arsenal Army 
Ordnance Corps and is now yorted by the Office of Ordnance Research 


Castaing, doctoral thesis, University of Paris (1952), 


R2. X-Ray Determinations of Debye Temperatures in the 
Alloy B-AuZn. M. Scuwartz anp L. Mutpawer, Frankford 
ld 


Debye temperature ol 0 
and zine in 8-AuZn were determined at room temperature by 


Arsenal and Temple University 


a measurement of a number of x-ray reflections from a single 


crystal 
integrated intensitic 


rhe method employed assumed that interpolated 


ot fundamental and super lattice lines 


may be added and subtracted at the same Bragg angle. From 


the slopes of e™ vs sin%®/d* the 0's were determined to be 
159°K for gold and 229°K for zine 


somewhat lower than average accepted values for pure gold 


hese values seem to be 
and pure zinc. The root mean square value of the amplitude 
of vibration is larger for the zinc. The same data was used to 
determine an average 09 by assuming a singl temperature 
factor containing a simple average mas Super-lattice points 
were found to lie above and fundamental pot were found 
to lie below the straight line plot of e®™ vs sin%®/A®, A > of 
190°K was obtained. Use of reduced mass pive 19°K. If 
one assumes additivity of specific heats and also 6 for pure 
gold and pure zinc of 159°K and 229°K, re pectively, a 05 for 
the alloy of 182°K is obtained. This result is insensitive to the 
value of for zine 
obtained for Cu,Au 


Phese results will be compared with those 


R3. Elastic Constants of Zinc Single Crystals.* Maurict 
CROUTZEILLES AND Enwarp A. Stern, California Institute of 
Technology The five elastic constants of zine single crystals 
have been measured from liquid nitrogen to room temperature 
An ultrasonic resonance technique with electrostatic dri €, 
similar to that of Pursey and Pyatt,' is utilized. The electro 
tatic drive does not require mechanical contact between 
uitable for 


a function of temperature since there is no 


exciter and specimen, ind thus i particularly 
measurements as 
tress produced by differential thermal expansion between 
the specimen and exciter. The problem of the propagation of 
elastic waves along an infinite cylinder composed of an aniso 


tropic hexagonal crystal whose c axis is also the axis of the 


is 
fd 
4 
oO 
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cylinder was solved exactly. Using this solution, it is possible 
in principle to measure all five elastic constants of a hexagonal 
crystal by measuring the variation of velocity of longitudinal 
waves as a function of frequency. In practice three constants 
were obtained this way, while the other two were obtained 
by measurements on two other differently oriented crystals. 

* This work was supported by the Office of Scientific Research, U. S. 


Air Force. 
| Pursey and Pyatt, J. Sei. Instr. 31, 248 (1954), 


R4. Temperature Variation of Elastic Constants.* Enwarp 
A. Stern, California Institute of Technology.—By considering 
the quantum mechanical behavior of a particle acted upon by 
an anharmonic potential well, a method is developed which 
permits the calculation of the temperature variation of the 
adiabatic elastic constants. This method is applicable to any 
solid, since it does not require central forces between atoms. 
It is in contrast to the method of Born and his collaborators! 
which assumed a special central force between atoms. Using 
the calculation of Fuchs? on the elastic constants of Na and 
Li, the temperature variations of the adiabatic elastic con- 
stants of Na and Li are calculated from 0°K to room tempera- 
ture, neglecting their respective allotropic transformations 
at 32°K and 78°K.* The calculation for Na is compared with 


experiment in the temperature range of the measurements.‘ 

* This work was supported by the Office of Scientific Research, U. S 
Air Force, 

1M, Born and M, Bradburn, Pro« 39-40, 104 
(1945-1944), 

1K. Fuchs, Proc, Roy. Soc. 
157, 444 (1936), 

'*C, 8. Barrett, Phys, Rev, 72, 245 (1947); J. Inet. Metals 84, 43 (1955). 

«8S, L. Quimby and S. Siegel, Phys. Rev. 54, 293 (1938), 


Cambridge Phil. Soc. 


(London) 151, 585 (1935); 153, 622 (1936); 


RS. Elastic Constants of Magnesium from 4.2°K to 300°K.* 
W. GarLann ann L, J. Stutrsky, MIT—-The elastic 
constants of Mg have been measured using an ultrasonic 
pulse technique. The values at 298°K are c;; =0.594, 3; =0.616, 
644 @ 0.164, 0,256, 0.213 in units of 10 dyne 
These are in good agreement with the recent values of Long 
and Smith.' The values extrapolated to 0°K are «0.634, 
@ 0,661, Cag 0.184, C19 =0.259, =0.213. A Debye charac- 
teristic temperature, 0p =385°K, has been calculated at 0°K 
using the mean values of the longitudinal and transverse wave 
velocities. The experimental value of @p is 4064-10°K.* Atomic 


force constants for a central force model including an isotropic, . 


volume-dependent electron gas contribution are also obtained 
from these elastic constants. 


* Work supported by the U.S. Army (Signal Corps), the U.S, Air Force 
(Office of Scientific Research, Air Research and Development Command), 

1 the U.S. Navy (Office of Naval Research) 

'T. R, Long and C. S, Smith, Acta Metallurgica (to be published) 

*P. L. Smith, Phil. Mag. No. 7, 46, 744 (1985) 


R6. Strain Scattering in Metals.* Laura M. Roru, Harvard 


Unwersity (introduced by Benjamin Lax).--The scattering of 
conduction electrons by the lattice strain about a substitu- 
tional impurity, vacancy, or interstitial in a monovalent 
metal has been calculated, using the Bardeen rigid ion model 
with screening, and using the Ewald method for the lattice 
sum involved. It is found that for substitutional impurities 
representing relatively weak scattering potentials, the strain 
scattering can be important. In the case of interstitials, the 
strain scattering may be of the same order of magnitude as 
that from the interstitial itself, because of the large lattice 
displacements. The results for noble metals are somewhat 
larger than the estimates made by Dexter! and are an order of 
magnitude smaller than the recent calculation of Overhauser 
and Gorman? for vacancies and interstitials in Cu. 
* Now at Lincoln Laboratory, MI1 


1D. L, Dexter, Phys, Rev, 87, 768 (1952) 
1A. W. Overhauser and R. L. Gorman, Phys. Rev, 


R7. Shock Waves in Metals Generated by Projectile Im- 
pacts.* D. S. HuGcues, W. M. Orro, E. B. BLANKENSHIP, 
Mary F. Gour.ey, Ano L. E. GourLey, University of Texas. 


102, 676 (1956), 
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—A gun with a bore of 41 mm and a barrel length of 150 cm is 
used to fire flat-ended projectiles into thin flat targets. The 
projectiles are driven by helium pumped into a gas chamber 
behind the projectile until holding threads shear. The target 
is mounted in a chamber at the end of the barrel which is 
evacuated to 5 rhe projectile velocity is ured by 
The irface velocity 
of the target after impact is measured by recording the im 
pedance of a small condenser plate mounted a few thousandths 
of an inch off the target face. Projectile velocit f 0.0050 
to 0.100 cm/ysec have been used. The results show the final 
free surface velocity of the target to be somewhat less than the 
projectile velocity. The 1 


10 


mea 


contact pins of graduated lengths 


measured elastic wave velocity in 
24ST aluminum is 0.64 cm /ysec in the elastic 
wave varies from about 2.7 to 7.5 ki : ding on the 
projectile velocity. After the elastic 
surface accelerates for about 0.3 use 
is essentially constant. 


arrival the free 


its velocity 


Wave 


: after thi 


onsored by 


stitute 


* This work was e 
American Petroleum Ir 

R8. Bulk Density of Separated Lithium Isotopes.* 1). D 
SNYDER AND D. J. MONTGOMERY 

As part of a program exploiting isotopic m is 
for solid-state investigations, the 
specimens of 
(>99%) was 
Upon correction for the 
reduction to 20°C, the following result 
bulk density in gm/cm?*: lithium-6 (adjusted to 
0.460 +0.003 ; lithium-7 (adjusted to 100% 
lithium-natural (abundances 7.5% Li! 
0.531+40.001. The crystal densiti ilculated from the 
constants determined by x-ray diffraction,' are re 
0.462, 0.539, 0.533. In each case the bulk density is about half 
a percent lower than the crystal density, in contrast with the 
finding of Richards and Brink? that the bulk density of natural 
lithium is 0.534, slightly higher than the crystal density 

* This work was supporte n part by the t 
mission 

1 We are indebted to the Stable 
Division, ORNL, for 1 l 


van and analy 
to Dr. P. S. Baker for his a 
Fund of Michigan State 
investigations 
1D, J. Montgomery 
State Conference, Chi 
*T. W. Richards and F. N rin Am m. Soc 120 (1907 


Michigan St University 
i probe 
bulk ce ity of extruded 
iriched isotope 


flotation and by lo 
slight chem 


natural lithium and of ¢ 
measured by 
il impuriti in ] 
ed for the 
100% Li®) 
Li’), 0.537+0.002.; 
Li’) 


lattice 


were obta 


ratio 92.59, 


pective ly 


R9. Field Emission Microscope Studies of Zr on Mo.” 
R. C. Braptey anp FE. C. McIrvine, Cornell University 
The field emission microscope has previously bee 
investigate the surface conditions of ari alloy of a few 
of zirconium in molybdenum.' The results were terpreted 


percent 


on the basis of a volume diffusion process for which an activa 
tion energy was measured Zr wa 
evaporated onto a pure Ma field emission point and an activa 
tion energy for surface 


lo test this interpretation 
migration was measured. The agree 
ment between measured activation energies plus the similari 
ties in the emission patterns obtained in the two different way 
suggest that in the case of the alloy the rate controlling mecha 
nism was also surface migration, the Zr coming from 
(presumably grain boundaries) along the shank of the 
It is thought that the high flasl 
primarily to clean the emitt surface of the alloy, als 
to replenish these sources. Activation energie 
of Zr from both the Mo and the alloy surface have 
obtained and are in good agreement 


ource 
point 
initial temperature used 
serve 
for ce orptior 


also been 


* This research was supported by the | Air Force gh the Office 


of Scientific Research of ‘the Air Research and Devel P mmand 
'L. A. D’Asaro, Ph Rev. 100, 1258 1955 
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R10. Some Electrical Resistance-Strain 
of Thin Evaporated Films.* A. Krinsky anp R. | 
National Bureau of Standards (introduced by H. P. R 
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erikse, N.B.S.). 


and semiconductors have been deposited by vacuum evapora- 


Thin films of a number of metals, alloys, 


tion onto insulating bases and tested for change of electrical 
resistance under applied stress. For a number of metals, the 
film strain-sensitivity has been found to be a function of film 
thickness. For films in the vicinity of 1000-au thickness, the 
strain-sensitivity approaches the known bulk wire value. For 
somewhat thinner films the strain sensitivity is considerably 
less than the bulk value; but for yet thinner films (specifi 
resistances from approx 10° to 10° ohms per square, thicknesses 
from approx 100-200 au to 50 au), it is several times the bulk 
value. The resistance vs strain characteristic is linear except 
for Ni and Sb. The nonlinearity in Ni films of approx 1000-au 
thickness is similar to the known bulk wire nonlinearity; for 
Ni tlms the nonlinearity disappears 
thinner 


progressively thinner 
rhe known semiconducting-like characteristics of 
evaporated films (in which the required activation energy is 
ascribed to the granular structure of the films) may account 
for some of the behavior observed 


* This work art of a program on ba instrumentation research and 
development sponsored by the lt S. Atomic Energy Commission, the 
Department of the Navy, and the Department of the Air Force 


R11. Surface Study of Evaporated Aluminum by X-Ray 
Total Reflection Method.* Rk. C. Duncan, Jr., AND L. G 
PARRATT, Cornell University.—Aluminum films 5000 A thick 
evaporated onto optically flat Pyrex glass substrates, have 
been studied by the x-ray total reflection method.' Somewhat 
different rates of evaporation and different residual gas 


pressures were used. Five films were subjected to repeated 
heat treatments in atmospheric air at temperatures up to 
400°C for periods up to 12 hours. Without exception they 
showed a marked and progressive drop in x-ray reflectivity 


total”’ reflection region, accompanied by a 


over the entire 
very slight decrease in the critical angle and by the appearance 
of patches of blister-like spots over a large portion of the film 
surface. The most pronounced decrease in reflectivity occurred 
at small glancing angles, producing there a_ reflectivity 
minimum which grew progressively deeper with successive 
heatings. Similar films, aged at room temperature or oxidized 
by anodization, exhibited no such effects. The anodized film 
showed an increasing critical angle approaching that expected 
for the higher density oxide. Various sensitive parameters of 
the changing reflection curves appear to be better correlated 
with number of heatings than with temperature or length 
of heat treatment. The observed effects lack detailed theoreti- 
cal interpretation as yet 

* This work was supported in part by the U. S. Air Force through the 
Office of Scientific Kesearch of the Air Force Research and Development 
Command 


G, Parratt, Phys. Rev, 95, 359 (1954 


RAI. Rate of Saturation of Solutions in Capillaries. Peter 


K. Wey, Shell Development Company The rate at which 
saturation is reached in a solution flowing through a circular 
capillary by laminar flow in a slightly soluble solid has been 
determined theoretically. It is assumed that the solution in 
contact with the wall is always saturated and that the rate of 
solution depends only on the rate of diffusion away from the 


wall. The problem is identical to the problem of heat transfer 
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R12. Surface Study of Evaporated Copper by X-Ray Total 
Reflection Method.* Nancy J]. Scorr anp L. G. ParrRart, 
Cornell University.—The method described in the previous 
abstract has been applied to the study of thin copper films 
(35 to ISOA thick) evaporated onto glass substrates, Con- 
trary to observations with soft glass substrates, similar 
“fresh” copper films on Pyrex do not show a minimum near 
the critical angle. Films of 75, 120, and 150 A on Pyrex were 
subjected to successive heat treatments up to 400°C in 
laboratory air. After treatment to about 130°C, the critical 
angle 6, was observed to be greatly reduced, even well below 
the value predicted for CuO on glass. Then, continued heat 
treatments above about 200°C caused @, to increase slightly 
to an apparent saturation value. Similar treatments with 75 A 
films on soft glass caused the minimum near the critical 
angle to “wash out" completely by the time @, reached its 
observed 
400°C 


for films on soft glass substrates only and became progressively 


minimum value. A pronounced low-angle dip, as 


for aluminum (see previous abstract), developed at 


deeper with additional heat treatments. Theoretical dispersion 
calculations based on the simplest film model (having uniform 
density) predict only the qualitative shape of the reflection 
curve for either fresh or heat treated films 

* This work was supported in part by the U.S. Air Force through the 


Office of Scientific Research of the Air Force Research and Development 
Command, 


R13. Adsorption of Nickel on Molybdenum in the Field 
Emission Microscope.” C. McIkvINE AND R. C. Brapiey, 
Cornell University. The adsorption characteristics of Ni on 
clean Mo surface have been investigated using a sealed-ofl 
field emission tube with provisions for evaporating Ni onto 
the Mo emitter with pre 
dictions based on the geometrical fit of coherently adsorbed 


The location of adsorbate agree 


material, Activation energies for desorption (Q4) and surface 
migration (V,,) were determined for coverages ~0.2 mono 
layer. The experimental Qu is the minimum Q4g for any region 
of the emitter, 2.104.0.05 ev 
the experimental Q,, varies according to the degree of com 


In the surface migration case, 


pletion of the migration process: 1.31 40.08 ev (4 completed), 
1.42 +0.05 ev (4 ‘ ompleted), and 1.48 4.0.06 ev « ompleted),. 
For heavier coverages of adsorbate, builtup areas were ob- 
served which gave enhanced emission. At an elevated tem- 
perature which allowed migration, the equilibrium position 
of these areas changed reversibly upon application of the 
field. Other observations of heavy adsorbed layers will be 
presented 


* Supported by the U. Air Force Air Research and Development 


Command 


from a pipe to water flowing in it. The first term of the series 


expansion of the general solution is 


+ (2/a)? |: 


0.67 exp 


where (” is the average fractional difference from aturation, 
v is the average fluid flow velocity, D is the diffusion constant, 
a is the radius of the capillary, and ¢ is the distance in the 


capillary. The distance at which the solution is 90% saturated 
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is 0.572va*/D for conditions of rapid flow (va/D>1), and 
0.96a when the flow velocity is small (va/D<1). Data will be 
presented which indicate that the rate of solution of calcite 
is not inconsistent with the above model. 


RA2. Taylor Instability--Numerical Calculations. G. Bina, 


R. E. LeLevier, anpb W. Non, University of California, 
Livermore, AND L. G. Henyry, University of California, 
Berkeley.The instability of an incompressible, irrotational, 


and inviscid fluid of finite thickness is being investigated 
numerically, The properties of the fluid are expressed by two 
nonlinear partial differential equations, the dependent 
variables being the X and Y position coordinates of any 
particle of fluid. The condition of constant pressure on the 
free (s) is given by a somewhat novel form of 
Bernoulli's equation. The top of the fluid is taken as either a 
rigid surface (with slip) or as another free surface. For the 
side conditions we invoke periodicity. The partial differential 
equations are approximated by finite difference equations 
correct to second order in the time interval and grid spacings. 
Thus, for a K by L grid we have 2KL coupled, nonlinear equa- 
tions in 2KL unknowns which connect the fluid properties 
at time ¢-+ St with those at time t, These equations are solved 
by a Newton's method in the 2KL variables. The numerical 
instability of the difference equations is controlled by an 
artificial, nonlinear surface tension at the free surface (s) 
Results will be presented and extensions to the case of two 


surface 


fluids in contact will be discussed. 


RA3. Electrical Conductivity of Thermally Ionized Air 
Produced in a Shock Tube.* Lawrence AND SHao-Cul 
Lin, AVCO Research Laboratory.— The electrical conductivity 
of shock-heated air at equilibrium temperatures from 3500°K 
to 6200°K, and at air densities of the order of 0.01 N.T.P., 
has been measured, using the shock wave magnetic field inter- 
action technique reported by Lin, Resler, and Kantrowitz.' 
The experimental results indicated that the ionization process 
built up quickly behind the shock front, and that the measured 
conductivity agreed quite well with calculated values based 
on the equilibrium degree of ionization, the electron diffusion 
cross sections for the molecular species available in the 
literature, and on a theoretical estimate of the cross sections 
for oxygen and nitrogen atoms by Hammerling, Kivel, and 
Shine.? 

* This work has been supported by the U.S, Air Force. 

1 Lin, Resler, and Kantrowitz, J. Appl. Phys. 26, 95-109 (1955). 


*Hammerling, Kivel, and Shine, ‘‘Low-energy elastic scattering of 
electrons by oxygen and nitrogen” (to be published). 


RA4. Possible Explanation of the Reversal of Boundary 
Layer Transition. A. M. Sarerstein, University of Michigan. 

As the wall temperature of a cone is decreased, it is expected 
that the distance from the tip to the point of turbulent transi- 
tion will increase, Experiments of Evvard' have shown that at 
low enough temperatures, a reversal takes place such that 
further decrease in temperature leads to a decrease in the tip- 
transition point distance. A very simple explanation of this 
anomaly may be given by assuming that the increasing 
temperature difference between the wall and the boundary 
layer gives rise to large transverse heat convection currents. 
The current velocity may increase to the point where the 
critical Reynolds number is again surpassed, Assuming a 
current linear in the temperature difference, it is found that 
the wall temperature varies approximately as the negative 
inverse of the transition distance, a variation similar to that 
found by Evvard. 


1 J. C, Evvard, Bull. Am, Phys. Soc, Ser, IT, 2, 27 (1957 
RAS. Mutual Reflection of Two Shocks of Arbitrary 
Strengths.* W. R. Smiru, Princeton University.—The inter- 


action of two weak shock waves of equal strength was studied 


SESSION RA 


experimentally. The weak solution of the two-shock theory 
agreed with the regular reflection data, but the three-shock 
theory did not agree with the Mach reflection data. The Mach 
reflection data howed that the differential depe idence ol 
x ona predicted by local theor,s \ in rrect Data on the 
transition from regular to Mach reflection indicated that 
regular reflection terminates very near the extreme angle a, 
and does not persist beyond it. Four sets of experiments on the 
interaction of two shock waves of unequal stre tl were 
performed and the data compared with the results of graphical 
shock polar calculations made for each set The weak reg ilar 
solutions agreed with the regular reflection data. The Mach 
reflection data did not agree with the three-shock theory 
The data on the transition from regular to Mach reflection 


were consistent with the conclusion that regular reflection 


does not persist beyond the extreme angle 


* Supported by the Office of Naval Rese 


RA6. Velocity Attenuation on Strong Shocks in Air. S. W 


Kasu, J. GauGer, W. L. Starr, AND V. VALI, Lockheed Missile 
Systems Division Velocity measurements have beet arried 
out on magnetically driver hock wave prod wed by di 
charging a two microfarad bank of condenser harged to 
10 kv (1600 joules) into a ‘‘tee-type”’ discharge tube The 
dependence of velocity on ambient pre i tl the tube 
and shock attenuation measurements up to appr nately 
one meter from the discharge have bee ade for ambient 
pressures ranging from 1 to 20 mm of air. Several technique 
for changing the magnetic couplir between the discharge 
circuit and the gas have been employed and the results of these 
efforts will be reported. The velocity measureme have 
utilized photomultiplier arrangements for recording the 
passage of the luminous gas at several stations along the shock 
tube 
1 Fowler, Goldstein, and Clotfelter, Phy Re 82, 879 (1951 


RA7. Hydromagnetic Shock Tube.* V. H 


BLACKMAN, 


G. B. F. Nipitert, aNnp G. SCHRANK, Princeton University 
Strong shock waves have been produced by discharging a low 
inductance capacitor (1.6 uf, 25 kv, 0.025 wh) through a coil 
wrapped around a 1-inch diameter quartz tube containing gas 
at reduced pressure. The rapidly varying magnetic field 
(70 kilogauss/usec) breaks down the gas and duces circular 
current loops. Shock waves, moving outward from the coil, are 
generated by the rapid « xpansion of the gas due to joule 
heating and the nteraction of the magnetic field with the 
current loop The largest omponent of the magnetic force 
is directed inward toward the axis of the tube and there is 
evidence that the highest t perature occur a ng the axis 
Streak photographs show Mach numbers M >50 for pressures 
of 1mm air and M4 >200 for pressures of 0.2 mm air at a 
distance of 3 cm from the t elocity de rapidly 
Results will be presented show the variati f Mach 
number with nature of the gas, gas pressure, and circuit 
parameter Attempts are underway to propagate the shock 
without attenuatio by j re everal coil il gy the tube 
fired in successior 
® This worl ported by the Off Javal Re 


RA8. Radiative Relaxation behind a Shock Wave.* Joun 


CaMM AND James Keck, AVCO Research La The 
optical radiation emitted from heated by a she ive j 
being studied as a function of distance behind the shock front 
with the general objective of btaining infor ibout 
various chemical and electronic rate processe The experi- 
mental apparatus con ! ystem ol iting lits 
which define a narrow beam perpend ilar to the ho tube 
axis, a monochromator for electing vario wavelength 
bands, and a photomultiplier for recording the signal as a 
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function of time as the shock wave moves past the collimating investigated in the shock tube using an interferometer to 
slits. Preliminary observations show that the intensity of the observe the density profile across the shock wave. Shocks 
radiation behind a Mach 15 shock in air at 1 mm _ pressure ranging from Af, =4.7 to Af, =8.7 were obtained corresponding 
rises extremely rapidly and goes through a maximum in a_ to final state temperatures of 1000° to 2500°K. The density 
distance of less than 0.25 mm, the limiting resolution for our ratio p/p; across each shock was measured and a comparison 
ipparatus. It then decays monotonically in a distance of the — of these experimental points with three curves of p/p, versus 
order of a centimeter to a final ste idly tate value There i Vi, each calculated using contributions to the heat « ipacity 
evidence from the spectral distribution of the radiation that from different vibrational modes, gives strong evidence for 
this “luminous front” in air is not an impurity effect as ir the existence of three separate relaxation times for CO, 
the case of argon. If one makes certain tentative assumptions, Present measurements give values of 2 psec at 600°K for the 
the recombination rate constant at 6000°K turns out to be bending mode adjustment, in agreement with the results 
ke~2 X10" cm® moles * sec of Griffith, and 3.5 wsee at 2200°K for the symmetric valence 


vy, mode, hy, /k 1920°K. Relaxation times in CO were also 


* This work rted by I force 
measured over a limited temperature range and vary from 
RA9. Approach to Thermal Equilibrium behind Strong / 9900 K to 10 msec at 2200°K. The measured 
Shock Waves in CO, and CO.* W. 1). GREENSPAN AND V. H density agrees with the calculated equilibrium value within 
BLACKMAN, Princeton U'niversity [he adjustment to equi experimental error 


librium of the vibrational modes of the COs’ molecule has been * This work was supported by the Office of Naval Research 
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RA10. Research in Extreme High-Speed Gas Dynamics Using the Shock-Tube Wind-Tunnel 
Technique. FE. H. Winker, U. S. Naval Ordnance Laboratory. (30 min 
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Neutron Spectroscopy 


Sl. ZnS-B,O, Scintillation Detector for Slow Neutrons.” reaction for the measurement of total cro ections in the 


H. RK. Mueruer,t H. PALevsky, AND R. L. ZIMMERMAN, 2-35 kev range. Time resolution can be easily varied so as to 
Brookhaven National Laboratory \ scintillation detector for maintain a constant percentage energy resolution An in 
low neutrons has been constructed th 2 in. cap made vestigation is underway of the cro ections of separated 
from a fused mixture of ZnS and B.Oy. Sixty four such caps, isotopes in the kilovolt region, Results at selected energies 
each viewed with a single 6292 phototube, are mounted in a for Al, K®, K®, Ti, Fe, Se, Rb™, Rb, Sr®, Sr®™, Y, Pb, and 
bank the size of the neutron beam at the Brookhaven fast Bi will be presented. Analysis of some of the levels has indi 
chopper. An early model of such a detector! was built but cated resonance widths varying from 20 ev in Al (5.5 kev) to 
found to be difficult to use because of a 25% background 7000 ev in Ti (17 kev) 


resulting from beam neutrons which passed through the 


Smith, Gibbons, Good, Neiler, and Banta, Bull, Am. I’ 1. Sow wr. tl 
caps, were moderated in the tube ockets, and returned 1.71 (1956 
to count with higher efficiency in the caps. Disks of pure 
BO, glass are placed between the phototubes and the scintil S3. Photoneutron Spectra Using Time-of-Flight Tech- 
lating caps, reducing the background from this source to I niques.* W. Bertozz,t C. P. SarGent, ano P. T, Demos, 
than 3% Phe present efficiency at 1000 ey | about 0.5% WVll \ fast pulser has been installed in the Massachu 
The theoretical efficiency } 1% and can be approached by ett Institute of Technology linear accelerator produc ing 
eliminating phototube noise, now the prin ipal ource of bach y-ray beams of controllable full width »4x10 or Neu- 
yround. The advantage of the scintillation detector over BF, trons from (y,n) are detected by proton recoil 1 4%4in 
proportional counters of similar eftici¢ y is the absence of cylinder of plastic scintillator viewed by three 6810 photo 
timing uncertaintie u g from jitter and time of flight in multiplier 7m from the y-ray target. To avoid blocking 
the a“ the detector by the intense cattered y-ray p il e, the photo 
. h i Energy Com ion multipliers are turned on for a 61077 sec interval beginning 
' ky ret — sone 10°? sec after the y-iay pulse. The flight times are converted 


to pulse heights! and recorded on a multichannel pulse-height 


analyzer which is gated by a proton recoil energy discrimi 


S2. Kilovolt Neutron Cross Sections by Millimicrosecond nator. Phototube noise and counting rate place the lower 


Time of Flight. J H. GIBBON \“ M. Goop, AND J Hi limit of detectable neutron « nergies at 0.5 Mev. The entire 
NEILER, Oak Ridge Valional La ralory Subiect at present system has a po ible energy re olution of 10 kev for 1 Mev 
to the limitation of short ion source lifetime, it is possible by neutrons and 1 Mev for 10 Mev neutrons. Some preliminary 
terminal Van de Graaff pu g to produce close to one micro (y —n) spectra will be discussed 


impere iverage current) of 810% sec duration burst if * This work has been supported in part by the joint program of the Office 
prot it a repetition rate of 10°/sec. As previously described { Naval Reseas and the somic Eneray ¢ 

| 1’ Part of t work performed while ' r was Shell Fellow 
a pulsed beam such as this can be used with the Li(p,m) Neiler, Kelley, and Bell, Bull. Am. Phys, Soc. Ser. LI, 1, 70 (1956 
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S4. Ratio of Neutron Width to Level Spacing.* R. L. 
ZIMMERMAN, K. ScHwartz, AND D. J. HuGues, Brookhaven 
National Laboratory.——The average of the ratio of the reduced 
neutron width to the levels spacing, (I',o/D), has been meas- 
ured for a number of elements whose atomic weights range 
between 91 and 238. The measurements have been made both 
by analyzing the parameters of individual levels where they 
can be resolved, and by making total cross-section measure- 
ments in the kilovolt energy region’ where an average over 
many unresolved levels gives (I',°/D) directly. The experi- 
mental results show a peak at about A =155 which agrees 
qualitatively with recent calculations* using a potential well 
with a diffuse boundary and the “cloudy crystal ball’’ model 
of the nucleus. However, the experimental peak has an ampli- 
tude lower by a factor of two than that predicted by theory, 
and is asymmetric to the extent that although there is quanti- 
tative agreement at A=235 the experimental points are 
lower than theory by a factor of four at A = 100. 


* Work with U. S, Atomic Energy Com- 
thisnsion 


J, Hughes and Pilcher, Phys. Rev, 100, 1249(A) (1955). 
Weisskopf, Physica 22, 952 (1956), 


performed under contract 


S5. P-Wave Strength Functions near Mass Number 92.* 
P. F. Nicnois, A. K. Furr, ann H. W. Newson, Duke 
University. These strength functions for Se, Sr, Y, Mo, Zr, 
Zr”, and Zr have been calculated from total cross-section 
curves between about 10 and 100 kev on the following as- 
sumptions: The s-wave strength functions, (1,°/D),29 =10"; 
the effective radius for s waves, R’ = R = (1.3A4+0.7)xK10~" 
em; black nucleus barrier penetration factors may be used; 
p-wave shape elastic scattering =0; and all neutron widths 
» the capture widths. More complete analysis of As’® is 
possible because of its relatively high level density. All data 
were corrected for the change of self-protection with energy. 
At A =75 and A110 (see the following abstract) the p-wave 
strength function drops to the neighborhood of 10-4. The 
average strength function for the three Zr isotopes which 
appear to be at the maximum of the curve is 6X10~4; this 
high value may be in part the result of an under correction for 
shape elastic scattering. According to the F.P.W. coraplex 
potential square well model, the location of the peak corre- 
sponds to a real potential &46.5 Mev and the Zr strength 
functions, to an imaginary fraction less than 5%. The maxi- 
mum in a plot of strength function against A is at the same 
mass number, 92, as the maximum measured anisotropy in 
differential cross sections of even-nuclei 


* This work was supported by the U.S, Atomic Energy Commission, 


S6. Neutron Activation Cross Sections.* G. Bitrucu, 
L. Weston, H. W. Newson, R. H. Ronrer, ann K. JONEs, 
Duke We activation 
cross sections by using Li(p,n) neutrons at 90°. Generally, our 
samples are in the form of foils (0.1%120.001 in.). In 
practice these foils are wrapped in the form of a ring 1 in. in 
diameter and placed in position to intercept the 90° neutrons 


University have measured relative 


The ring is a thin sample for neutron transmission and a 
thick sample for 8 transmission. After an exposure the ring 
is spiraled on a thin-walled 6 counter in order to make the 
sample thin to # transmission. We obtain satisfactory counting 
rates with a proton beam of 5 to 10 wa, a bombardment time 
of one hour for any heavy nuclide (not too near to a neutron 
magic number) with an isotopic abundance of the order of 
10%, a B-ray energy of about 1 Mev and a half-life of the 
order of ten days or less. During each exposure, the neutron 
flux was monitored by a long counter. The efficiency of the 
long counter as a function of energy (3 to 70 kev) was com- 
pared to the (m,a) across section of B®. We find the total cross 
section of the latter to be a7 = 642/E,4+4-2.45 barns. Assuming 


SESSION 


the first term to be T na, the long counter has flat response to 
at least 70 kev 


* This work 

S7. Average Neutron Level Parameters for In and U.* 
H. W. Newson E. G. Brtpucn, Duke University.—Ab 
sorption cro t ‘ for In been 
width, I 


ind the average pa 


fitted by varying itron 
reduced width, 


parameters 


whic h igre within « k perime 


values are as follows: (1',/D) 55x10 
for and (1,/D) 
x10 The best fit to o 

found by Thoma 
id the 


»x10 
for 
using the Porter 
the reduced neutron width a 
eters: (I', D) 

for 

D)i 21 21 

noted that the paran 

that for 
§ parameter. Since { ha 
spin of 9/2, the vari 
reasonable if D =D o/(2J +1) 
further by examini w the case 
Other authors have fitted the | 
(above 200 kev) by a 
of D on the total spin 


trons for In! 


ition ol 


similar assumption of the dep 


* This work was supported by \tomi ergy 


S8. Gamma Rays Following Neutron Capture in Titanium. 
G. MANNING, G. A. BARTHOLOMEW, P. |. CAMPIO W 
KNOWLES, Chalk River La lory (samma 
capture in titanium have bee 
27 to 11.0 Me 
of 1.0° i 


neutron 
energy range 
an energy resolutior 
2.0 Mev using a flat cry 
energy resolution of 0.4 to 0.8°, were detected 
From 
th probable iwnment 
t 0.014 ind 9.376 
+0.012 Mev are i the « ipturing i 0.990 
Mev level of ‘Ti, the 1.379-Mevy level of . tl 1.58-level 
ot ri’, re ely, when the corre pe ling eutron 
binding 11.61140.017, 8.132 
+0.006 and 10.96+40.06 Me isly ind 

with 
1.719+40.003 


tal diffs 
twenty of which have not previot 
reactiotr 


10.621 


consideration of 
for y rays observed at 340.005 
bet wer ad the 
pecti 
energie ire determ 
li” can now be quoted 
+-0.003, §582+4.0.010 
+0.008 Mev. The 
the capturing state to the five level tent with the 
assumption that the spins of these ley 


npr d a ira 
+ 0.008 


trength of the 


rom 


Ser 


1 J. W. Knowles, Bull. Am. Phys 
*Way, King, McGinnis, and van Liest 
mission Report TID 5300 


S9. Neutron Resonance Parameters of Sm'"'. 
G. G. SLAUGHTER, AND J. A. Harvey, Oak 
total 


Laboratory The neutron cre 


fission product samarium co 


tall g4 


life) has been measured with the Oal 
tory fast chopper Se 
energy range from 0.2 to 
and Sm' have also been 
Sm"? and contrib 
fission product sample, four re 

to Sm!" in the rey range 

maller than 


veral resonance 
20 ev 
mea 


itor! 


spacing in 
Parameters for th 


S10. Resonant Neutron Capture Gamma Rays from Gd 
and Dy.* C. A. FENSTERMACHER, T. E. SPRINGER, AND H. | 
Scnuttz, Yale University neutron 


Gamma rays following 


a 
He 
20 =0.31 
1.4 
tal 
ental curves wa 
ition function o 
ive param 
1.24 
dD 3610 
{ it hould be 
eter is 3 times the 
and In" has a 
r would be 
will be checked 
h has a spin of 
higher energie 
nde 
> 
; 
IT, 2, 16 (1957 
it, U. S. Ator Energy Cor 
/ f a sample of 
Ridge Nat il Labora 
were observed the 
ple enriched 
oe ipa \fter correcting for the 
ae e cross sect of tl 
have bee i gned 
0.2 to Se The level 
hat of Sm‘ and 
yeah e resonances will be presented 
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Tasie 1. Dysprosium capture gamma rays Company The total neutron cross sections for Pu™ and 


Pu™ have been measured with the Materials Testing Reactor 

En(ev) 1.7 2.7 3.7 5.5 fast chopper from 0.5 ev to 5.0 kev, using a resolution of 0.04 
Compound to 0.20 usec /meter Preliminary Breit-Wigner parameters 
10 have been obtained up to 100 ev for the following Pu™ 
20 +10 390 +15 resonances: 1.06, 20.3, 37.1, 40.4, 70, 85, 97 ev. The average 

ao 4 I’, obtained from these resonances is 2847 mv. The average 


level spacing from the first 8 levels was found to be 14.0 
+2 Oev. The value of the streneth function deter 
mined for Pu™ is (2.340.7)K10 Several new resonances 


capture in several resonances of Gd and Dy have been ob and Breit-Wigner parameters will also be presented for Pu™ 
served and their absolute intensities measured. A Nal scintilla 

tion spectrometer wa used in conjunction with the Yale * Work performed under the au ‘ f the | \tor nergy Com 
slow neutron velocity selector The results for dyspro ium eeentan 

along with the recently reported isotopic assignments are 

summarized in Table | and include some previously reported $13. Problems in the Analysis of Resonances in the Slow 
results. For gadolinium, the 2.0- and 7.8-ev resonances yielded — Neutron Cross Section of U**.* F. J. Snore anp V. I 

no prominent lines in the region from 100 to 700 kev. Radia SAILOR, Brookhaven National Laboratory It has heen shown! 
tion from capture in the 2.6- and 2.8-ev levels, which were not that in U®* the capture component of a resonance ts sym 
separated, contained a 200410 kev gamma ray which wa metrical, whereas the fission component i isymmetrical 
also seen in the 6.4 resonance Transitions of 200+ 10 in shape. In the analysis of any particular resonance the 
650420, 950430, and 1160+40 ke were observed from capture cross section curve can be fitted to the ingle-level 
neutron capture in the range 0.2 OS ev treit-Wigner formula by the usual procedures of “‘shape'’ 


inalysis vield the parameter Ko, awl, and TV. The problem of 


* Resear pported by the >. At ! ay 


obtaining the remaining parameters is complicated by the 


S11. Inelastic Neutron Scattering from Heavy Elements.” |"! that a multilevel formula must be used to fit the fission 


JuLes S. Levin AND LAWRENCE CRANBERG, J 1 cross section. A method has been devised for obtaining the 


samo 
Scientific Laborator \ time-of-flight apparatus has been 


at each resonance in the energy region where 


hape analysis can be used. Combining this ratio with the 


used to measure the spe tra of neutron scattered ine lastically 


from Ta, W, and Au for incident neutron energies Ky of 2.45 parameter obtained from the capture cro ection yields all 
3.40, and 6.34 Mev, and scattering angles of 30°, 90°, and parameters of the resonance except for the statistical weight 
150°. Measurements were also made on Ag at the highest factor g and the sign of the amplitudes which appear in the 
energy. For those scattered neutrons with 0.5 Me E<4Eo, multilevel single channel formula. It appears possible to 


infer the relative values of these quantities for some resonances, 


the angular distributions were isotropic within about 10% 


by finding which combinations give the most reasonable fit 


The energy spectra of these neutrons could be fitted with a 
distribution of the form dN/dE« E exp(—E/T). The values to the data 
obtained for the nuclear temperature JT in Mev are tabulated * Work performed under the auspices of the t Atomic Knergy Com 


below. Estimated errors are about +8° iiss 
J, Shore and V. L. Sailor, Bull, Am. Phys. Soc. Ser. 11, 2, 70 (1957 


Eo(Mev Ag Ta Au 


2.45 0.34 0.40 0.27 
3.40 0.38 0.3 0.46 S14. Nonelastic Cross Sections for 8- and 11-Mev Neu- 

6.34 0,60 0.50 0.4 ee trons.* W. P. Batt, M. H. MacGrecor, ann Rex Boorn 


University of California, Livermore Nonelastic cross section 
were measured for 8 and 11-Mev neutrons on representative 


Ihe data are not adequate to determine the angular distribu 


veutrons olf energie 


tions of the more energetic neutron 


elements ranging from beryllium to bismuth by means of the 


lower than 0.5 Mev were not observed because of the decrea 


ing sensitivity of the detector used. Cro ections for inelasti phere technique.'’ Neutrons were produced in the \ iriable 
scattering were obtained by assuming the above energy di energy cyclotron by the H*(d,n)He' reaction. Corrections have 
tribution to hold over the entire energy range OS ES F Thi been applied for elastic energy lo multiple cattering, tint 
isa large extrapolation since most of the inelastically scattered detector Ze, obliquity etlect and the nontsotropy and 
neutrons were ol an energy too low to be detected nonisoergicity of the neutron source \ comparison will be 

made between the measured nonelastic cros ections and 


predictions of the optical model? 


* Work performed under the auapices of the t Atomic Energy Com 
S12. Neutron Resonance Parameters for Pu*** and Pu™.* Ral Booth, Bull 388 (ese 
'Mactsreg all, an Bull, Am 4 ” er « 

O. D. Simpson ann R. G. Frunarry, Phillips Petroleum ? Bjorklund, Fernbach, and Sherman, PI Kev, 101, 1832 (1956) 
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Ferroelectrics and Dielectrics 


SA1. Double Hysteresis Loop of Pb, Ca,_, TiO,.* Ersuro 
Sawacucnut AND Mevvin L. Cnartrers, Rutgers, The State 
University.—\t has been found! near the composition  =0.05, 
at room temperature, the ceramic sample exhibits a double 
hysteresis loop. If the sample is quenched from a high tem- 
perature (ca 200°C) to room temperature then at first the 
hysteresis loop is a normal ferroelectric one, however, with 
the passing of time it changes gradually to a double hysteresis 
type. When the sample is slowly cooled under a de field the 
form of the hysteresis loop is asymetric and the asymmetry 
remains stable with respect to time. Dielectric constant and 
x-ray measurements have been made under various conditions. 
The phenomenon is difficult to explain by a forced transition 
with an electric field such as found in BaTiO,g and PbZrOy. If 
we assume some type of polar anisotropy with respect to the 
spontaneous polarization in each domain, then the phenomena 
may be explained. 


* Sponsored in part by the Signal Corps Engineering Laboratories 
' Sawaguchi, Mitsuma, and Ishii, J. Phys. Soc. Japan 11, 1298 (1956). 


SA2. Ferroelectricity and Structure of Tri-glycine Fluo- 
beryllate and Isomorphs.* R. Perinsky, Y. OKAYA, AND F. 
Jona, Pennsylvania State University..-Matthias, Miller, and 
Remeika! discovered ferroelectricity in tri-giycine sulfate and 
selenate, Tri-glycine fluoberyllate is isomorphous and also 
ferroelectric: Curie point T, is 75°C; P,=3.2K10~* cb/cm?; 
coercive field is 5kv/em (at 20 kv/em). Piezoelectricity 
disappears above 7,. At 20°C; 
b(A) 


12.75 
12.92 
12.75 


(A) 

590 1, 
5.86 110° 1, 
5.70 112° 1 


a(A) 
964A 
9.54 
9.59 


T —G wulfate 
T —G eelenate 


T —G fluoberyliate tis 


Space group: P2,, below T,; P2:/m above. X-ray intensities 
from the sulfate are essentially unaltered above and below 
T.; the fluoberyllate shows differences; the selenate shows 
stacking disorder along a, immediately above 7,. The structure 
above 7,: one glycine and the inorganic anion are on a mirror 
plane: twe glycines are mirrored across the plane; H bonds 
maintain the structure. The mirror symmetry, chiefly of /T7's, 
disappears below 7,, producing polarization along 6. Optically 
active amino acids only, and acid-unstable inorganic anions, 
cannot form isomorphous crystals 

* Research supported by Air Force Office of Scientific Research and Signal 


Cope Engineering Laboratories 


Aatthias, Miller, and Remeika, Phys. Rev. 104, 849 (1956), 


SA3. X-Ray and Neutron Structure Analysis of Ferro- 
electric Rhombohedral Pb (Zr) »,, »)O, at Room Tempera- 


ture.* F. G. Jona, ann R. 
Perinsky, The Pennsylvania State University.—The solid 
solution Pb(Zro 75, Tio o)O% is ferroelectric and rhombohedral 
at room temperature,' and is cubic (perovskite) at higher 
temperature. No ferroelectric rhombohedral structure had 
been completely established heretofore. A powder x-ray 
analysis established heavy atom positions in this rhombo- 
hedral phase; oxygen positions were determined from a 


neutron powder pattern. The space group is R3m, with cell 
constants a =4.11 A, a =89°41’. Atomic coordinates are: Pb at 
(6,6,45), with 6=0.575; (Zr,Ti) at (e¢,¢,e), with «=0.040; 0 at 
(7,0,0), (0,70), (0,0,7) with 7 =0.520. The 1 octahedra 
(Zr,Ti) atoms are only slightly distor 


tetragonal 


surrounding the ted, 
and atomic displacements are of the 


ferroelectric PbTiO;.* 


ime order 


* Research supported by Air I 
Corpa Engineering Laboratories 

?Shirane, Pepinsky 


ree Office f 
iT ‘ 


n 8.615 


Acta Cr 


and Frazer 

SA4. Ferroelectricity in Thiourea. Grorct GOLDSMITH 
RCA Labs Thiourea' (C(NH,)2S) is the only wi 
electric material which is non-ionic The ferroelectric axi 
is the orthorhombic 019. It has a Curie temperatut bout 

104°C, spontaneous polarization at 110°C of 3 micro 
coercive field at that tempera 
first order in all 
ippearance ol double 
uity in the P, vs 7 
field dependence 


lerro 


coulombs/cm? and a 60-cycl 
500 v/cm. The tran 


ture of about ition 1 
samples observed as evidenced by the 
hysteresis loops? and by a distinct disconti 
relation. The Curie temperature has a strong 

The low-field dielectric constant as unctior 
displays three anomalies, two of whi 


In the vicinity of the lower of 


1 of te mperature 
h occur at temperatures 


above the Curie point these 


two anomalies there is evidence of a second ferroelectric phas« 
showing a very small P, and F,. The room temperature diele: 


tric constant is 100 along the ferroelectric direction 


1956 


104, 1191 


1953 


1A, L, Solomon, Phys. Rev 
1W. J. Merz, Phys. Rev, 91, 513 


SAS. Dielectric Properties of Cadmium Niobate. A. pb 
BRETTEVILLE, JR., AND F. A. HALpEN,* Signal Corps Engi 
neering Laboratories._-Ceramic, not pre m niobate 
of 6.0 density (theoretical 6.28 g/cc) was « 
1 ke and 100 v/cm field strength with a capacit 
An unreported minor peak in the dielectric 
found at 70 ( 9 10°C above the 
This minor dielectric peak was also found 
and melt-gradient grown crystal 


amined at 


major 


peal 
with 
and fired ceramics 
and Kjoer harmonic analyzer was employed to o 


zation components at 60 cps and 10 kv/cm from 1 tem 
170°C An 


a function of odd power 


equation was developed for the 


of the field ngth 


contal the amp KK of the 


perature to 

polarization as 
Coefficients of this equ 
fundamental, third, and fifth harmonics of the 
from the 


ition 
polarization, 
harmo i if ilyzer 
70° to 


obtained at each temperature 
The harmonic 

90°C 
harmonic 
equation, one obtains the lossk hysteresis cur any 
A third harmonic of polarizatior 


temper 


contents increase rapidly fror 
these 


ig th 


then gradually decrease 


amplitudes in 


and 
the pol irizatioi 


given temperature 
fundamental at room 


the Curi 


ing to 1% of the 


found to exist far above ature 


tem pe 


* Presently employed by anford rch Ins te 
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Tl. Observation of the Reaction x*+p*t—-X%'+K°* at 1.1 
Bev.* J. C. VANDER VELDE, J. L. Brown, D. A. Giaser, D. I. 
MEYER, AND M. L. Pert, University of Michigan, anv J. W. 
CRONIN, S. De Benepetti,f R. Coor, Brookhaven 
National Laboratory The University of Michigan 12-in 
propane bubbl chamber Was expo ed to al magnetically 
focused and analyzed beam of positive particles from the 
Cosmotron, The proton to pion ratio in the beam was 1.65 
and approximately 230000 feet of pion track was photo 


graphed in an effort to detect the reaction 4+ 


which would occur in a pure state. preliminary 
analysis of three-fourths of the pictures showed the following 
re ult Nine event were seen in which either the =* or the 
K showed a definite decre e of bubble den ity at decay and 
which satished the requirements of kinematics and bubble 
density for the above reaction with free protons. In three of 


these case decayed in the chamber, the K 


oming to rest and providing an additional check on the beam 


both part les 


momentum. Data from the completed experiment pertaining 


to cro section, lifetime and angular distributions will be 


presented 


* Work rte part by the \tomic nergy Commission 
t Permanent a t Carnegie Institute of Technolog 


T2. Properties of A’ and 6° Particles Produced by 1.1-Bev 
a Mesons Where the Decay of Only One Neutral V is 
Observed.* C. Graves, ]. Brown, D. GLASER, AND M. Pert, 
University of Michigan The properties of A®° and 6° particle 
are being studied with the Michigan 12-inch propane bubble 
chamber, using a momentum-analyzed beam of 1.1-Bev x 
mesons from the srookhaven Cosmotron. The results of the 
analysis of 22 000 pictures for the reaction r~4 por +k 
and the reactions + or p> A°+@ have been 
reported previou lv.' Howe ver, for the latter two reaction 
were pre ented where the decay of both un 
A similar analysis of the latter 


of only one of the neutral unstable 


only those cases 
stable parti le was observed 
reactions where the decay 
particles is observed has also been made. Results concerning 


ingular distributions of production and decay, angular corre 


lation lifetime , po ibility of neutral dec ay mode parity 
double*s, and conservation of parity will be presented 
*W ipporte t by the tomic Commission 
Brown, Glaser, and Perl, Bull. Am, Ph «. Ser, 11, 2, 19 (1957 


T3. Production of K* Mesons by 3-Bev Protons on Hy- 
drogen.* G. Harris, J. OrEAR, S. TAYLOR, AND P. BAUMEL, 
Columbia University.—Liquid hydrogen, lithium, and copper 


targets were exposed to the Cosmotron 3-Bev external beam 
of 275 Mev/c leaving the target at 0° in the 


Positive parti le 
inalyzed and detected 


laboratory system were magnetically 
in nuclear emulsion stach Preliminary laboratory differen 
tial cross sections for K* are d*a/dwdk (5+2) and (3.2 40.7) 
xX 10°" cm?/sterad/Mev per leon for hydrogen and copper 
respectively. The w*/K* ratios are (7004-300) for hydrogen 
and (5704-120) for copper All above values have been cor 
rected for decay in flight. The K* cross section from hydrogen 
has been corrected for a (104+.6)% background which is based 
on 3 X's found in an empty target exposure. Sur h a low back- 
of liquid hydrogen 
in a Styrofoam target with 4 mil Mylar windows of 6 inche 
diameter. Relative to their total cro 
(1.3540.6) times more effective than hydrogen in producing 
K* (at 0° and 275 Mev/c), while both copper and hydrogen 


ground was achieved by using 14.8 inche 


ections, copper 1 
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Heavy Mesons and Hyperons I 


T 


are equally etlective in producing w*. All errors correspond to 
one standard deviation. Additional scanning is in progres 

* Research supported by the U.S. Atomic Energy Commission and the 
National Science Foundation, 


T4. Production of Heavy Unstable Particles by 1.3-Bev 
Kinetic Energy x” Mesons in a Propane Bubble Chamber.* 
F. R. Etster, R. Plano, N. P. Samios, AND J. STEINBERGER, 
Columbia University, An» M. Scuwartz, Brookhaven National 
Laboratory. —This is a continuation of a previous study! of 
the production of heavy unstable particles but with a larger 
propane bubble chamber and the addition of a magnetic field 
The chamber is cylindrical in shape, 12 in. in diameter and 
8 in. in depth. The magnetic field strength is 13.4 K gaus 
\ 1.3-Bev kinetic energy w~ beam was introduced into the 
chamber The reactions studied were (a) a + 
(b) (c) +K*. Approximately 18 000 
pictures were taken and 250 hydrogen events obtained. The 
angular distributions in production and the angular correla 
tions in decay will be presented. 

* This research was supported in part by the U.S. Atomic Energ 
ion and the Office of Naval Research 

Budde, Chretien, Leitner, Samios, Schwartz, and Steinberger, Phys 

Rev, 103, 1827 (1956 


TS. Calculations Concerning the Z Dependence of Unstable 
Particle Production.* Grorce T. ReyNnoips anv S. B. Tres 
MAN, Princeton University A simple one-dimensional calcu 
lation of the Z dependence of unstable particle production in 
nucle: will be described. The Z dependence for direct produc- 
tion by a nucleon has been compared to that expected for the 
production of the unstable particle by the mechanism of the 
nucleon producing a # meson which then produces the un- 
stable particle ( The results depend 
upon the interaction cross section assumed for the unstable 


“cascade production'’) 
particle emerging from the nucleus. For direct nucleon produc 
tion the ratio of the cro 
lead is ~2:1 if the unstable particle is weakly absorbed ; for 


s sections per nucleon in carbon and 


cascade production the corresponding ratio i 13:1. For 
cascase production with the unstable particle strongly ab 
sorbed the ratio of cross sections per nucleon in carbon and 
lead is ~3:1. These considerations form the basis of the 
experiment described in the following paper 


* Su rted by the joint program of the Office of Naval Kesearch and 


ipp 


the \t ILnergy ¢ mmission 


T6. Unstable Particle Production in Carbon, Iron, and 
Lead by x~ Mesons and Protons.* I. Bowen, G. Masex, 
GEORGE T. Reynoips, L. Sartori, G. TAGLIAFERRI, AND 
\. Werprouck, Princeton University, ano W. H Moore, 
Brookhaven National Laboratory Approximately three hun 
of unstable particle production by 1.6-Bev 


2.4%-HKev 


dred xample 
© mesons and proton have been obtained by operat 
ing a 36-in. multiplate cloud chamber in the w 
proton beam of the Brookhaven Cosmotron. The plate assem- 
blies used were successively 15 iron plate 7 lead plates; a 
mixed assembly containing 7 carbon and 4 lead plate All 
plates were 4 in. thick. Relative numbers of A a and V* 
and Pb will be presented. Relative 


and blowup 


for production in C, Fe, 
cross sections for production will be discussed as a function 
of atomic number and compared with the results of the pre- 
vious paper 


1 by the joint program of the Office of Naval Research and 


the U.S, Atomic Energy Commission, 
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T7. Production of Strange Particles in Proton-Proton Col- 
lisions at 1.95-Bev Incident Energy.* C. Fowier, H. L. 
KRAYBILL, AND R. M. Lea,f Yale University.—The produc- 
tion of heavy mesons and hyperons in free proton-proton 
collisions was studied by exposing the hydrogen filled Brook- 
haven diffusion cloud chamber to the external proton beam at 
the cosmotron. A proton flux of about 500 protons per picture 
was made possible without 4 general loss of sensitivity by 
confining the incident protons to a narrow pencil by collima 
tion and strong focusing. This pencil-beam was passed 
through the center of the chamber's sensitive region about 
twice per minute, At 1.95-Bev kinetic energy 8500 photo- 
graphs were obtained, corresponding to a path length in Hy 
of about 1.5%10° g/cm*, One neutral V particle has been 
identified as produced in the pencil. We are attempting to 
determine whether any of the few additional V's originated in 
the pencil. These events and a calculation of efficiency for 
observation will be discussed. We wish to acknowledge the 
generous help extended by the Brookhaven Laboratory staff; 
especially Dr. Ralph P. Shutt and other members of the cloud 
chamber group and also Dr. Rodney L. Cool 


* This work was supported in part by the U. S. Atomic Com 
mission. 
t General Electric Research Fellow, 1956-1957. 
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T8. Production of V Particles by 3-Bev Protons.* R. L. 
Coo., T. W. Morris, R. R. Rau, A. M. THorRNDIKE, AND 
W. L. Wuirremore, Brookhaven National Laboratory.--¥or 
comparison with data on the production of hyperons and 
K mesons in w-p collisions an experiment was performed to 
investigate production in p-p collisions directly. The external 
$-Bev beam of the Cosmotron was collimated and focused to 
about 1 cm*. Using approximately 500 protons per pulse 
through a diffusion cloud chamber, ~2 10° g/cm? of proton 
traversal of hydrogen has been recorded. While the efficiency 
for detecting V events is considerably less than one, the small 
number observed from hydrogen indicates that the cross sec- 
tion for production of V events in p-p collisions is considerably 
less than in w-p collisions at roughly the same available energy 
in the center-of-mass system. Similarly, the p-p cross section 
is smaller than that deduced for p-nucleon collisions in a heavy 
nucleus. Berley and Collins' have reached the same conclusion 
using a less direct method. 

* Work performed under the auspices of the U, S, Atomic Energy Com 
mission 


1 David Berley and George B 
$20 (1956), 


Collins, Bull. Am. Phys, Soc, Ser, II, 1 


T9. Heavy Fragment Emission in Nuclear Emulsions In- 
duced by 0.4, 2, and 3-Bev Protons.* E. Baker AND S 
Katcorr, Brookhaven National Laboratory.— D-1 (200 
emulsions were irradiated in the Brookhaven Cosmotron with 
0,4-, 2.0-, and 3.0-Bev protons, and the larger stars, those pro- 
duced only in the AgBr, were studied. Under the development 
conditions used the D-1 plates were sensitive to protons up to 
~5 Mev, to alpha particles up to ~50 Mev, and to heavier 
fragments. At 0.4 Bev the number of fragments heavier than 
alpha particles per star, in addition to the recoil, was ~0.1; 
and at 2.0 and 3.0 Bev this value rose to ~1.0. At 2.0 and 3.0 
Bev an appreciable number of events showed three and four 
heavy fragments per star. Preliminary data will be presented 
on the variation of the multiplicity of heavy fragments pet 
star with the energy of the incident protons. Comparisons 
will be made with previous radio-chemical data and cosmic-ray 
data. Identification of the fragments was made by visual com- 
parison with known proton, deuteron, and alpha tracks from a 
cyclotron and with fissien tracks from uranium. Where feasible, 
gap counting was done to confirm the method of identification. 


* Research performed under the auspices of the U, S, Atomic Energy 
Commission, 
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T10. K~ Interaction in Hydrogen 
L. W. ALVAREZ, HuGH Brapner, | 
FELD, F. T. So_mitz, anp R. D. University of Cali- 
fornia, Berkeley \ 
seen in the Berkeley 10 
ready been given.' The experit 
number of observed hyperons | 


report on the | t 137 K interaction 


interactions at rest we have a total of 
biguous and 70 isible decay 2's All the 
qualitative conclusio izgested by the earlier event ire 
now strengthened with the 
The angular distribution ot the de 
65 charged 2's showed 


has a spin greater than } 


ome anisotropy g that the 
Prelim iry analy ot the present 


angular distribution which now include 


it has become consistent with isotropy 
* This work was performed under the auspices of the 5 ton Energ 
Commission 
On leave fr rance 
! Solmitz, Alvarez, Bradner, Falk, Gow, Rosenfeld, and 1 p, Bull. Am 
Phys. Soc, Ser, II, 1, 38 1956 also | ersit f Calif »R tion 
Laboratory unpublished report 3583 and N ent ' i 


T1l. Total Cross Section for 190-Mev K* Mesons on 


THADDEUS F. K 


Nuclei. Leroy T. Kerru, YCIA, AND LUD VAN 
Rossum, University of California, Berkeley.*— The attenuatior 
cross sections of ¢ Al, Cu, Ag, and Pb, for K* mesons at 
190+30 Mev have been measured. A* me were identified 
in a momentum-analyzed beam by the velocity letermined 
by two Cerenkov counter and pulse height in ty tillatio 
counters. The A* mesons then entered the var target 
I'wo scintillation counters detected those A particles leaving 
the target within a cone of 22° and 41° half-angle. The 
sections are given in Table |. The errors are statistical standare 
deviations. A good fit to the data is obtained by a iming a 
K*-nucleon cross section of about 10 mb, or a K*-proton cro 
section of 20 mb and a K*-neutron cross section of 0 
Taste I, Cr ect n millibarns for the 
Geometry \ Cu Pt 
22 9649 108 15 505 w 578 1081490 
41 8348 148 +1 384 451 +3 49 +70 
* This work was done er the a t f the | ton erg 


Commission 


T12. Interactions in Flight and Decays of Negative K 
Mesons.* F. C. Gi-pert, C. E. Vio_et, anp R. S. Waite, 


University of California, Livermore .egative A me from 
the Bevatron were stopped in several lear en tack 

103 interactions-in flight ind 17 cle i flight have been 
found in following 30 meters of negative A-particle track 
Ihe energy at the point of interactic iried from 16 Mev 
to 150 Mev The masses of the interacting particle were 
determined by multiple scattering and ionizat measure 

ments. The mean free path is 304.3 cm. The 17 iys give a 
mean life of (1.140.3)K10°* second. 10° pr ble Ap) 
scatters give an elastic scattering cro ection on | gen of 
1044-33 millibarns. The prong distributi ind nature of the 
negative A-particle interactions will be d ed 

Work was perfor ler the the 


Commission 


T13. Interaction Properties of Positive K Mesons.” | 


LANNUTTI, W. W. Cuupp, G. GOLDHABER, AND GOLD 
HABER, L/niversity of California, Berkeley We have investi 
gated the interactions of positive K me , ick emul 
sions in the energy interval 100 to 200 Mev.’ By observing 90 
meters of K meson path length we have determined the follow- 
ing quantities: (a) The mean free path for incoherent scatter 
ing, i.e., charge-exchange and inelastic scattering (AE/E 


\ 
4 
q 
: 
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>10%), is 76(+9, 
to inelastic scattering is 0.25+0.05; (c) The K-hydrogen cross 
section is 28(+15, —10) mb 
the elastic differential-s« attering section 
greater than 2° in the two energy intervals 40 to 100 Mev (18 
meters of track followed) and 100 to 200 Mev (90 meters of 
track followed). The 40- to 100-Mevy data have been com 
pared with an optical model calculation by G. Igo, G. Raven 
hall, and J of Stanford University 
good agreement with a repulsive real potential of about +12 
Mev. A similar calculation with an attractive 
of the same magnitude gives destructive interference with 
ind lies below our data in the 10° to 15 


region by factors of 5 to 10.2 


6) em; (b) The ratio of charge-exchange 


In addition we have obtained 


cross 


for angles 


liemann, , and gives very 


eal potents il 


Coulomb scattering, 


* This work was done under the auspices of the U. S, Atomic Energy 
Commission 

! Part of our stack is under study by G. Quareni and G, Puppi at Bologna 
Our mbined data will be presented later 

*Groups at Padua and Bologna have arrived at similar conclusions 
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T14. Analysis of Negative K-Meson Stars in Emulsion. 
N. Seeman, R. G. GLAsser, AND G. A. SNow, Naval Research 
Laboratory Iwo stacks of G.5 emulsion have been exposed 
to K~ meson beams of the Berkeley Bevatron. 73.6 cm! of 
emulsion in the first stack were area scanned and 108 A™ 
stars were found. Systematic following of the prongs from 
these AK 
pions, 17 hyperfragments, and 25 charged hyperons. Of the 
decays at rest, +n 


sat rest, +n decays in flight, 62 


stars yielded the following numbers: 29 charged 
latter, there were 
decay tn decays 
in flight (two are identified as positive), and 6 identified Z 
stoppings. From the 62*-+p+ 7° decays the mean life of the 
hyperon is 1.38(4-1.39, 0.63) K 10° sex Ihe 
lifetime of the mixture of 2* hyperons which decay in flight 
into wt +n is 0.46(+40A41, 0.13)K10°" sex The 
(@y,) between the Y and the pion from its decay in the = rest 
system is greater than 90° in 9 out of 15 case In 8 out of 15 
case COSI ¥ » >0.5. Additional results will be pros nted from 
beam 


average 


angle 


which was exposed to a separated A 


SATURDAY MORNING AT 9:30 


Sheraton-Park, Continental Room 


(K. T. BAINBRIDGE presiding) 


Atomic Masses; General Nuclear Physics 


TAI. Atomic Masses from Phosphorus through Manga- 
nese.* CLAYTON F. Girset AND JAY L. Benson, University of 
Minnesota.—The atomic masses of all stable isotopes 
range 1532525 have been measured using the Minnesota 
16-in. precision mass spectrometer.’ The 
idered to have an accuracy of roughly 1 part in 10 000 000 


Comparisons are made with previous results from Minnesota 


in the 


masses are con 


Certain ma 


and from other ma pectrometri laboratories 


ratios may be compared with those obtained by the method 


of microwave spectroscopy. Finally, the present masses are 


compared with recent determinatior from nus lear reactior 


Q values 
* Researcl rted | t j t prograr the Office of ‘ K 
‘ id the | \t ay 
| Pr t | 1954-195 t 
Univer ( 
Quisenberr ~col and Nier, Ph Ke 102, 1071 (1956 


TA2. Measurements of Some Light Masses with the Mass 


Synchrometer.* Lincotn G. Situ, Brookhaven tional 
Laboratory The mass synchrometer' has been employed to 
measure with high precision the doublets CyD,—C,D» and 
CD, DO and thus to obtain values of the masses of C" and 
1) by a method which completely avoids possible temati 
errors resulting from dissociation io The “best value for 
the ten doublets at ma 20 (including CD,—D&) involving 
the ions A®* Ne®*, ND,*, and CD,?* (all of which are 


parent ions) were obtained by weighted least-squares adjust 


ment of the ten measured value Hence, the following ma 
defects in have been obtained 14 739.97 +0.03 
= 3814.584+0.11; N“=7524.49+0.18 Ne*® 1204.49 
+0.13; A*® 24 903.58+0.44. Each doublet was measured 
between 20 and 100 times under various conditions over a 
period of several months with half-width resolution of about 
20 000. Errors are estimated probable errors of the mear \ 
discussion of precision and special precautions take will be 
pre ented 

] ‘ ( Da Ke 27, 648 


TA3. Revised Atomic Masses of H', C'*, and S*.t Kk. S 
QOuisenBerry, F. Grese,* J. L. Benson, University of 
Vinnesota.—The Minnesota 16-in pectrom 
eter has been used to redetermine the atomic masses of H', 
CC®, and S® relative to the O'* standard. The 


instrument calibration and operation have 


precision ma 


techniques of 
been improved 
tandard masse 


ince the previous secondary were reported! 


Instrument dispersion is tested by measurement of ma 


“doublets” one hydrogen ma wide. Results of 24 such 
measurements over a six-month interval give H 1.0081444 
135, suggesting the instrument dispersion is correct to about 
2 ppm. The error given does not include the resistance calibra 


than 10 
included in the error quoted 


tion uncertainty which is estimated to be no more 
ppm. Hence this larger error i 
on all doublet results. The C' mass is now determined using 
the doublet 4C,H,O—H suggested by Kettner? New 
doublet results used to obtain masses are Cll, {) 46.4961 
and O 17.7624411 
mu. Resultant secondary masse ure iH 10081451 42, 
cs 12.003815644, and 5S” $1.9822377 4-11 [hese masse 


will be compared with those presented previously together 


with discussion relating to possible sources of errors 

t Research supported by the joint program of the Office of Naval Re 
search and the U.S. Aton nergy Comn 

* National Science Foundation Predoctoral Fellow 1954 1957. Now at the 
University of Chicago 

' Quisenberry, Seolnm er, PI Re 102, 1071 (1956) 


Iman, and N 
Kettner, Phys. Ke 102, 1065 (1956 


Mass Formula. 
In older semi 


TA4. A Revised Semiempirical Atomic 
A. G. W. Cameron, Chalk River Laboratorie 
empirical atomic mass formulas the Coulomb energy include 
which ha 
compared to modern determinations of nuclear charge radii 
J. Mathews (unpublished) has shown that a 


obtained when the Coulomb energy is computed for a trapezoi 


an adjustable nuclear radiu been found too large 


maller radius is 


dal radial charye distribution. In the present work, motivated 


by a desire to obtain nuclear reaction energies both near and 


far from the valley of beta stability, a trapezoidal radial model 


and radius fixed 


was used for the nucleus, with skin thicknes 


G 
_ 
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to agree with the Stanford electron scattering results. Coulomb 
and Coulomb exchange energies were computed for this model 
Symmetry energy contributions to the surface and volume 
energies were least-squares adjusted to fit the valley cf beta 
stability. The surface and volume energies were least-squares 
adjusted to fit the masses of 89 odd-odd nuclei evenly spaced 
in mass number. This procedure gave a good fit to the trend 
of masses in the range 25 <A <250. The differences between 
the Wapstra-Huizenga experimental masses and the semi- 
empirical formula were analyzed to determine empirical shell 
and pairing corrections as functions of the proton and neutron 
numbers. A table of masses is being calculated and will be 
published together with particle-binding and beta-decay 
energies in a Chalk River report 


TAS. Neutron Binding Energy Systematics in the Region 
N=82 to 126.* W. H. Jonnson, Jr., AND V. B. BHanort,t 
University of Minnesota. 6-in. double-focusing mass 
spectrometer, used to measure a number of previously re- 
ported mass differences,’ has been employed to determine 32 
mass differences between neighboring stable isotopes for each 
even-Z element in the region Z «64 to 82. The standard error 
associated with the present measurements is about +0.075 
mu. Wherever possible, the present mass differences were 
compared with similar mass differences determined from 
nuclear reaction 0 values. The agreement, in general, is excel 
lent. Neutron separation energies for 32 nuclei in this region 
were calculated from the experimental results. Neutron pairing 
energies for 20 nuclei in the region N =82 to 126 have been 
calculated from neutron separation energies. These data show 
the previously reported maximum in the neutron pairing 
energies near N=90' together with another maximum near 
N 116. Both maxima in neutron pairing energies correspond 
to regions in which other nuclear properties also show dis 
continuous behavior. 

* This research was supported by the joint program of the Office of Naval 
Research and the U.S, Atomic Energy Commission, 


f On study leave from Muslim University, Aligar 
'W. Johnson, Jr., and A, O. Nier, Phys, Rev, 108, 1014 (1957), 


TA6. Numerical Relationships for the Masses of the Ele- 
mentary Particles when Expressed in Terms of the Electron 
Mass. l/niversity of Pennsylvania.—The 
writer! has pointed out that interesting numerical relationships 
exist when nuclear masses are expressed in terms of the rest 
mass of the electron. This naturally suggests that similar 
relationships should exist for the masses of the elementary 
particles. Except for the electron, proton, and neutron, how- 
ever, the latter masses are not known accurately enough to 
test the aforesaid relationships. It is true, however, that the 
masses of the elementary particles including hyperons are 
approximately integral multiples of a! or 137, except for the 
w meson, proton, and neutron. This relationship is only ap- 
proximate. Also the mass of the «4 meson is very nearly (})a 
The masses of the proton and neutron are about 13.41a™, so 
that this multiplying factor is in the neighborhood of 27/2, 
but the relationship is not very accurate. The mass of the 
K mesons is very nearly 7/2 times the mass of the x* mesons, 
which reminds one of a previous! relationship. 


Witmer, Phys. Rev, 95, 667 (1954); 95, 610 (1954), 


TA7. Velocity Selection by Means of a Single Cerenkov 
Counter.* P. Connon, H. Gursky, AND GrorGe T, 
Princeton University.—A Cerenkov counter con- 
taining toluene has been constructed in such a way that only 
the light emerging from the material is detected by photo- 
multipliers. The container is rectangular in shape, 6 in. vertical 
depth with a cross-sectional area of 9X18 in. A particle of 
velocity greater than 0.70 ¢ will emit light in a cone whose 
angle depends on the velocity. Thus a particle incident nor- 
mally to the cross section of the counter with a velocity greater 


SESSION 


than 0.89 ¢ will emit light in 
complete internal re flection occ 
by external photomultiplier 
between 0.70 ¢ and 0.89 « 
means of cosmic ray wu meso 
telescope, and range in lead 


biases chosen, the device is gr 
circumstances where it give 
percent of the case Correctio for shower ) ind 
detection voltage biases will be dis« et 
* Supported by the joint progr the Office of Research and 


the U.S. Atomic Energy Comm 


TA8. A Gas Cerenkov Counter for Use as a Proton Thresh- 


old Detector.* Rk. B. Scuwartz, H. Patevsky, D. J. 
AND J D Fox, Brookhaven National La rat \ va filled 
Cerenkov counter has been constructed for use as a threshold 
detector for protons in the Bev energy range. Ce tructed of 
cold-rolled steel to withstand pressures of 100 atm the 
counter is 90 cm long and has an entrance aperture 10 cm in 
diameter. The optical system c« ts of a f t-surfaced 
spherical mirror, which focuses the Cerenl light through 
quartz window onto a wavelength shifter and a type 6810 
photomultiplier. In preliminary tests at the Brookhave 
Cosmotron, 14 Vv pulse ; ere obtained f the late of the 
6810 with a pressure of 57 atmos of CO the ter, the 
pulse size decreasing with decreasing pressure. A clearly de 
fined threshold was observed at 50 atmos, the theoretical 
threshold for Cosmotron \t pressures above 52 
atmos, the detection efficiency was approximately 100‘ 

* Work performed ler contract with the I At ergy Con 


mission 


TA9. On the Production of Experimental Quantities of 
Isomers. ‘JouN A. VREELAND, Westinghouse Commercial 
Atomic Power Activities The ivailability of large (20 g) 
quantities of separated isotopes and high [10'(n/cm? sec) 
flux reactors can be combined to produce macroscopic quanti 
ties of isomeric nuclei which are relatively unadulterated by 
other element Modern radiochemistry 1 ifficient in most 
cases to limit the end produ tt i pair or set of genet illy 
related isomer In the event that radiocher il technique 
do not apply toa particular eleme t, electrom et epara 
tion can probably be effected. With h lars intities of 
isomeric nuclei, one could investigate the excitec 
precisely the same techniques now used on the ground state 
The determination of such quantities as angular momentum 
magnetic moment, isotope shift, etc., could be made by the 
same spectroscopic t h now ised O 
ments. Various cro ections, angular distributi etc., 
could similarly be determined by relatively standard tech 
niques In addition to icquiring formation “ charge 
distribution, nuclear radius, et vhich otherwise unavail 


able ; one could chec! the determination of iclear parameters 


by techniques used in excited state igainst the results of 
ground state techniques. Particular isomers which appear to 


possess especially promising possibilities are discussed as are 
limitations on feasibility in general 


TAI10. Subcritical vs Superceitical Reactors. L.. B. Borst, 


New York University.—Supercritical reactors commonly cot 
sidered are operated within the restricted interval of delayed 
neutron control. When prompt criticality is exceeded, their 
kinetic behavior becomes extremely rapid and usually result 
in destruction of the physical system. Subcritical systems bear 
the same relation to supercritical ystems that impliher bear 
to oscillators. The ratio of output to input is rigidly fixed 
As such, they are immune to excursio1 Pechnical solutions 


will be proposed for subcritical research devices and power 
plants. 


: 
a 
a . a cone whose angle is such that 
rs. Thus in pr ple detection : 
imited to particles of velocity 
ie device ha be« tested by 
defined by a Geiger counter 
le } +} t the It ive 
: 
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TAI1. Subcritical Reactor Amplifier. P. MicHAagL AND 
L. B. Borst, New York University.—A two-group transport 
approximation will be presented for a subcritical reactor 
amplifier appropriate to a high-flux reactor system. 


TA12. Velocity Loss by Carbon Ions.* T. H. Braipt anp 
R. W. DerenBeck,{ Princeton L’niversity 18-Mev protons 
were scattered from very thin targets of polystyrene. A beam 
of C# ions of v=7.7 and 6.9 K 108 cm/sec was defined by count 
ing coincidences between protons scattered backwards and 
the recoiling nuclei at 30°. The time-of-flight spectrum of the 
ions over a 1-m path was measured by a time sorter.’ Thin 
films of polystyrene and evaporated aluminum and gold were 
interposed 10 cm from the target. The increase in flight time 
gave du/dx for the particular velocity. At 7.7108 cm/se 
dv/dx is 10, 4.2, and 1.310" cm/sec/ug for polystyrene 
aluminum, and gold, respectively. The principal source of 
error is in the measurement of absorber thickness 


* Supported by the U. S. Atomic Energy Commission and the Higgins 
Scientific Trust Fur 

t Now at Argor tional Laboratory 

~ National Science | lat Predoctoral Fellow during 1955-1956 

1T. H. Braid and R. W. Detenbeck, Pt Rev, 99, 663 (1955) 


TA13. Nuclear Size by Potential Scattering Cross Section.* 
D. J. HuGues, K. K. Sern, ann R. L. Zimmerman, Brook 


NBS, Eas 
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haven National Laboratory The potential scattering cross 
section, a», is given by 4r(R’)*, with R’ related to the nuclear 


radius X in terms of the parameters of the nuclear potential 


rhe potential scattering has been determined by two methods 
for a number of elements whose atomic weights range be- 
tween 70 and 238. In the energy range where resonances are 
well resolved and their parameters known from separate mea 

urements, a, was determined by subtracting the contributions 
of resonances, choosing energy regions where such contribu- 
tions are small. The second method depends on averaging over 
resonances in the kilovolt region, determining average trans- 
missions for different sample thicknesses. The slope of the 
transmission curve, at thicknesses for which self-protection 
and interference dip effects are small, gives ao,» directly. The 
results of the two methods are consistent and agree in general 
with predictions of recent calculations based on a pote ntial 
well with a diffuse boundary and the “cloudy crystal ball” 
model of the nucleus. A value of R#1.35 A'X10°" em is 
f the theory to the experime ntal data 


determined by the fit « 
without a strong dependence on the other nuclear potential 
parameters used in the calculations 


* Work performed under contract with the U.S, Atomic Energy Com 
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(R. V. Pounp presiding) 


U1. NMR of B" in Soda-Boric Oxide Glasses.* A. H 
Si_ver, J. G. O’Keerr, P. J. Bray, Brown University 
The nuclear magnetic resonance of B" has been studied in 
soda-boric oxide gla is a function of Na,O concentration 
rhe spectrum consists of a narrow line superimposed on a 
broad asymmetric line due to the m=4-+ —} transition dis 
torted by second-order quadrupole interaction. The relative 
intensity of the narrow line increases from zero in 100% 
B,O,;' and the intensity of the broad line decreases with in 
creasing Na,O. The width of the broad resonance, and there 
fore the quadrupole coupling constant of the boron nuclei 
contributing to it does not vary measureably with composi- 
tion. The presence of exce oxygen from the Na,O changes 
the coordination number of some boron atoms from 3 to 4 
reduc ing the quadrupol interaction in these cases and pro 
ducing the narrow line. These results are in agreement with 


x-ray studies of Biscoe and Warren.” 
* Resear if rte t I I KW ( sion and the 
National Science I 
H I I I, 1, 324 (1956 
7). 8B ca J ( 21, 28 1938 


U2. Nuclear Quadrupole Coupling Constant of Na* in 
NaNO..* JOHN F. Ho AND P | Bray, Br n University 


Using a recording spectrometer of the Pound-Watkins type the 
nuclear magnetic resonance of Na™ was observed in a pressed 
powder imple of NaNO, From the hape of the m j +4 
transition the quad: 1px le coupling constant was found to be 
1.09+0.07 Mcps assuming the asymmetry parameter 9 to be 
negligible The couphi iw constant can be written as X\¥ JM here 
A is a multipli itive factor expressing the ett t of the polariza 


tion! and mechanical squeezing? of the ion core. The ele 


field gradient component q is being computed using an ionik 


Magnetic Resonance 


model for the known structure of NaNO g** in order to esti 
mate A. The results of this computation will be presented 


* This work was supported by the f Atomic Energy Commisaion 

! Foley, Sternheimer, and Tych rh Ke 93, 734 (1954 

2N. Bloembergen Defects t lida Report of 1954 Bristol 
Cont n 


oniere 
EK. Zeigler, Phys. Re $8, 1040 (1941 
‘G,. B, Carpenter, Acta Cryst. 5, 142 (1952 


U3. Nuclear Magnetic Resonance Spectrum of Chryso- 
beryl.* J. H. Hockennerry, Jr., L. C. Brow id Dips 


Wittiams, The Ohio State University The quadrupole 
splitting of the Al?’ magnetic resonance absorption lines in a 
single crystal of chrysoberyl (BeALO,)> has been studied in a 


held of 7800 gauss. The eight Al’ site per unit cell are of two 
different types The four sites of the fir t type have eq ilent 
but differe ntly oriented field yr wlient the ime is true of the 
four sites of the second type. However, the field gradients in 
the two types of sites are not equiv ilent. That the maximum 
number of po ible lines (40) is not observed can be « pl ined 
on the ba is of cry tal yYrnmetry The ymimnetry propertte 

however, give no indication of the orientation of the principal 
field gradients with respect to the crystal axe Analysis of 
variations in the splitting pattern as a function of crystal 
orientation in an external magnetic te ld yie ld the quadrupole 
coupling constant and the asymmetry parameter for each of 
the two essentially nonequis ilent field gradients as well as the 
direction cosines defining the orientation of the principal axis 


ystem at each of the eight Al*’ site 


U4. Pure Quadrupole Resonance Spectrum of Al*’ in 
AIBr,.* P. A. CASABELLA AND P. J. Bray, Brown University 
The Ai’ pure quadrupole resonance transitions have been 


4 
| 
ipported by if tract betwee rl © tif Ite var h ; 
and the Ohio State University Kesearch lation 
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observed in anhydrous AIBr,. Preliminary measurements give 
the following values for the transition frequencies : 


Transition Frequency (Mcps) 
5§/2-+3/2 3.73 
3/2-01/2 3.01 
§/2-+1/2 6.74 


With the aid of the tables of Livingston and Zeldes' the above 
frequencies yield a coupling constant of 13.5 Mcps and an 
asymmetry parameter of 74.7%. Because of the high value of 
the asymmetry parameter the §-—+4 transition acquires an 
observable intensity.2? The effective number of unbalanced p 
electrons for this coupling constant is 0.36, which is in very 
good agreement with results for Ga and In in Gal, and InI,.4 
The resonances were found with a Pound-Watkins type record- 
ing spectrometer. 

* This work was supported by a grant from the Research Corporation 

Livingston and Zeldes, “Table of eigenvalues for pure quadrupole 
spectra, spin 5/2," ONKL Report 1913, Chemistry Division, Oak Kidge 
National Laboratory 


1M. H. Cohen, Phys. Kev, 96, 1278 (1954) 
* Barnes, Segel, Bray, and Casabella, J. Chem, Phys. (to be published 


U5. Thermodynamic Functions Associated with a Nuclear 
Spin System under Steady-State Overhauser Polarization.” 
kk. A. Destocre anp W. A. Barker, St. Louis University. 
Expressions for the steady-state nuclear polarization exhibited 
by a metal under conditions of electron spin saturation have 
been derived by numerous authors.' We have calculated addi 
tional quantities of interest such as the internal energy, 
entropy, Helmholz free energy, and heat capacity,? for the 
general case in which nuclear relaxations are not restricted to 
those due to the contact term in the hyperfine interaction 
alone. These expressions reduce to their well-known thermo- 
dynamic equilibrium forms when the electron spin saturation 
parameter is zero. The nonequilibrium states are interpreted 
in terms of nonzero chemical affinities rather than spin tem 
peratures.* 

* This research has been supported in part by a grant from the National 
Science Foundation 

1A. W. Overhauser, Phys. Rev, 92, 411 (1953); P. Brovetto and G, Cini, 
Nuovo cimento 11, 618 (1954); C. Kittel, Phys. Rev. 95, 589 (1953); 
W. A. Barker and A. Mencher, Phys. Rev. 102, 1024 (1956). 

7W. A. Barker and EF. A, Desloge, Bull. Am. Phys, Soc. Ser, II, 2, 32 
sas I. A. Desloge and W, A, Barker, Phys. Rev. (to be published) 


Uo. Negative Nuclear Magnetization in Metals.* W. A 
Barker AND FE. A. Destoce, St. Louis University. Under 
conditions of conduction electron spin saturation nuclei with 
negative magnetic moment exhibit a negative nuclear mag 
netization as pointed out by Overhauser.’ [t is interesting to 
note that the heat capacity? associated with this negative 
magnetization is negative and dominates other contributions 
to the heat capacity at /1/T values of the order of 10‘ oersteds/ 
degree. The negative nuclear magnetization could be detected 
by nuclear resonance where a stimulated emission would be ob- 
served rather than a resonance absorption. It has been pointed 
out by Mencher* that this has some features in common with 
the solid-state maser proposed by Bloembergen.* 

* This research has been supported in part by a grant from the National 
Science Foundation 

1A. W, Overhauser, Phys. Rev, 92, 411 (1953) 
A. Barker and A, Desloge, Bull. Am. Phys. Soc, Ser, 2, 32 


5A. Mencher (private communication) 
4*N. Bloembergen, Phys. Rev, 104, 324 (1956) 


U7. Larmor Frequency Light Modulation by Precessing 
Sodium Atoms. Wittiam FE. Bett AND ArNoLD L. BLoom, 
Varian Associates..-We have observed intensity modulation, 
at the Larmor frequency, of a light beam transmitted through 
a system of precessing atoms as predicted by Dehmelt.' The 
experiment employs two beams of circularly polarized sodium 
D light transmitted through a vessel of sodium vapor in argon 
buffer. The primary light beam, transmitted in the direction 
of the earth's magnetic field, produces “optical pumping”’ 
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between the Na ground state Zeeman sublevels, resulting in a 
net macroscopic moment. The secondary light beam, trans 


mitted perpendicular to the first, pumps at a rate which 


depends on the instantaneous value of magnetic moment in 
the secondary beam direction. An applied rf field tips the 
moment with resulting Larmor precession so that the second 
ary beam pumping rate, and therefore the intensity of trans 
mitted light, varies at the precession frequency Phe 
transmitted intensity of both beams can be monitored by 
photocells ; that of the primary beam gives M, and that of the 
secondary beam gives M, coswt, where M, and M, defined 
as usual in magnetic resonance. Resonance is observed at a 


frequency of 360 kc in a field where the proton Larmor fre 
quency is 2180 cps, agreeing with the spectroscopic g factor of 
4 for the Na® atom in a weak magnetic field 


1H, G, Dehmelt, Phys, Rev. (to be published 


U8. Effect of Interatomic Interactions on Nuclear Orienta- 


tion in Paramagnetic Crystals. Wittiam R. Wricut, Harvard 
University Che effect of dipolar and exchange interaction 
on the orientation of a nucleus in a paramagnetic crystal is i1 
vestigated by considering the statistical average of the 
moments of the nuclear spin, (/,")1 exp(—SC/kT) 
Tr exp(—H/kT) |. Here p is a positive integer; 5C is the spin 
Hamiltonian of the whole system leus pl rystal. HK 
is the sum of 3Co, which includes the hyperfine teracti ind 
applied magnetic field, and 3C’, the dipolar and exchange 
teractions. (J,")7 is expanded in powers of J ind tern 


beyond the second order are neglected. It | 


effective electronic spin of the paramagnetic io one-half 
The expressions obtained for (/,/ in be used t ilculate 
the angular distribution of y radiation from oriented wlei2 
The results of applying such a calculati to the ¢ t ert 
of Ambler el al tare disc ussed 

'R. Serber, Ph Rev. 43, 1011 (1933 

IN. R. Steenberg, Proc. PI I lon) A65, 791 19 

* Ambler, Hudson, and Temmer, Ph Re 97, 1212 (1955 


U9. Simple Technique for Studying Spin-Lattice Relaxation 


Times.* C. F. Davis AND M. W. P. StRANDBERG, M/7 
At liquid helium temperature pin-lattice relaxat time 
of paramagnetic salts are frequently as long as millisecond 
Equipment has been built to measure 7 from re ery time 
of crystal x” after saturation by a magnetron pulse. Experi 
mental tec hnique and observed 7 I] be rep ted 

* This work was supported rt | the | Army gnal Corp 
the U. S. Air Force (Office of Scientif Resea Air Resear and De 
velopment Command and the | p Office of Naval Researct 


U10. Proton Resonance in Monolayers of Methane Ad- 


sorbed on TiO,. N. Fuscuitto anp C. A. RENTON, Penn 
sylvania State University NMR derivative line shapes have 
been obtained in methane adsorbed high surface area TiO 
at coverages of 0.1, 0.33, 0.50, 0.80, 0.95. and 3.9 monolayer 
(B.E.T.). The results for bulk methane are in eement wit 
previous measurements and no change in lin ith ol 
served on passing through the A point at 20.4°K. This result 
has introduced doubt concerning the hypothe postulat 

a rotational transformation at 20.4°K. Ata rface 

of 0.95 monolayer, however, a sharp line width transitio 
observed (AH 10 to 1.0 gau ) at 20.8240.2°K and Af/ 
further decreases to 0.3 gauss at 30°K. As the surface coverage 
is lowered, the A/H/ transition become progre ely ¢ 
gradual. The line shapes above 20.4°K are complex and a 
probably best interpreted in terms of a range of reorientatio 
frequencies. The line width (AH =5.7 gauss) and shape for 
bulk methane are reached at 3.9 monolayer for temperature 
below the A point. At 21.0°K a central discontinuity (A// 
=().7 gauss) (i.e., a narrow lin ymponent) is present, grow 
in intensity and narrows as the temperaturs raised. The 


solved broad line component, however, follows the line 


: 
q 

= 

. 
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width versus temperature data for bulk methane. At coverages 
of 0.95 monolayer and less the results are consistent with the 
model of ‘‘patchwise"’ adsorption. The narrow component in 
the line shapes is associated with diffusional and rotational 


motions. 


U1l. Electron Spin Resonance of Radicals Produced by 
Ultraviolet Irradiation.* Harvey N. Rexroapt AND WALTER 
Duke University The radicals produced by ultra- 
irradiation of 


CrORDY, 


violet 


solutions of various substances in the 


mixture ether, i opentane, ind alcohol (EPA) and frozen at 
7 


77°K have been investigated by their microwave electron spin 
resonance. The EPA mixture, one commonly employed as a 


olvent by optical spectroscopists, was itself found to give no 
irradiation at 77°K. A 0.1 M solution of 
toluene (C2H;CH,) in EPA showed a quartet resonance of 80 
gauss spread which can be attributed to the CH, radical and a 


ingle component 


resonance under uv 


which might arise from the radical Cells 
Thus the results indicate that the uv the CC 
bond which ties the CH, to the ring. Interestingly, similar 
results are obtained for phenol, CsH,OH, in I PA 


we interpret thi 


imply breaks 


lentatively, 
to mean that the OH radical is produced by 
sut that it immediately attacks the EPA to form the 
CH, radical and an alcohol. A single moderately sharp reson 
izoyl chioride, Ce6Hs(CO)CI. This is 
believed to arise from the CsH sCO radical. Probably the Cl 
produced at the same time would escape through the EPA 


the uv 


ance is obtained for ber 


AND UA 


Other cases will be discussed. Resonances of radicals produced 
by uv irradiation have previously been observed by Ingram 
etal 


* Supported by the Office of > 


t DuPont Fellow 


U12. Electron Spin Resonance in X-Irradiated Plastics and 
Synthetic Fibers.” Howarp WittiaAmM B. ARD, AND 
Water Gorpy, Duke University 


resonance has been used to study the effects of tonizing radia 


Microwave paramagnety 
tion on various plastics and synthetic fibers. The strength of 
the resonances obtained was found to depend on the degree ot 
crystallinity A sample ol ordinary polyethylene wave iM 

x-irradiation, whereas a similarly 
polyethylene (supplied by Phillips 
Petroleum Company) which has a crystallinity above 90°, 


resonance signal after 


irradiated sample of 


gave a strong resonance with a sever-component proton 
have been obtained tor 
sharp line), Teflon (eight 
component F hyperfine structure), Kel-F (unresolved hyper 


fine structure of several components), polyvinyl fluoride and 


hyperfine structure. Strong resonances 


x-irradiated polystryrene (single 


chlorotriflucethylene (broad single resonances), polystyrene 


nylon! (asymmetru 


four components), and Orlon (unresolved hypertine structure 


(single sharp resonance) tructure ol 


of several components) 


Ordnance, 


Lin Force 


Supported by the Office 

Scientific Research, | 
esonance in nylon previ 

Faraday Soc. 19, 158 (1955 
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U13. Antiferromagnetic Resonance in Systems with Uniaxial Anisotropy. I. S 


Naval Ordnance Laboratory. (30 min.) 
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Theoretical Physics IV: Low-Energy Physics 


UA1. Quantitative Evaluation of the Dispersion of Helium. 
W. F. anp Ropert L. PLATZMAN 
sily A 
for dipole transition 
derived by ar 


formation 


Purdue Univer 


complete ind consistent set of oscillator strengths 
for the normal helium atom has been 
of both theoretical and experimental in 
etical results of Huang (1948), based upon 

element 


the momen were adopted as the best 


obtainable or the conti 


rhe oscillator strengths 
to discrete levels were determined so as 


to give agreement be 
tween the theoretical 1 experimental value of the static 
lielectric constant o be consistent internally, with the 
sum rule rT with the continuity at the series 
limit. The deri oscillator 
culate the following 
elastic scattering cross sections for fast electrons, magnetic 


Verdet 


potential for the stopping 


criterion ol 
tre ngth were employed to cal 
properties of helium gas: various in 
susceptibility 


Waals force, and the mean « 


power for 


constant, Van det 
xcitati 
rged particles. The results are in excellent 


accord with the experimental data available, the comparison 


moments, F, 


(E,—Eo)*, 1=1,2 The method can also be applied to 


being made in part by means of the 


more complex media 


UA2. Low-Energy Elastic Scattering of Electrons by 
Oxygen and Nitrogen.” |’. B. KiveL, AND 
W. W. SHINE, The elastic scatter 
ing of slow electrons by O and N is calculated by the method of 
phase hifts The Hartree 
(210° ** for O on the order of magnitude needed to agree 
theoretical 
result should not be taken seriously, since the Hartree potential 


Avco Research Laboratory 
potential gives a cross section 
with the « x periments of Lamb and Lin! in air 
is known to be too weak as it neglects exchange and polariza- 


tion, | 


based on a suggestion of 


xchange forces are introduced by a new approximation 
slater for bound atomic states. The 
exchange approximation is adjusted to fit the more elaborate 
calculation of Bates and Massey* for zero energy and zero 
polarization. The addition of a reasenable polarization force 
results in an acceptable potential and closer agreement with 
The Hartree 


wotential alone gives a cross section which is too large 
la 


experiment. A similar calculation is made for N 


Phe in 
clusion of exchange and polarization leads to better agree 


ment with the measurements in au 


al conductivity 
blished ) 
Massey, Trans, Koy 


(London) A192, 1 (1947 


I amb and C, Lin, thermally 
du ] wk tube to be 

Bates and H. S. W 
269 (1944 Proc. Koy. 


ionized air 
pr nas 


(London) A239 


i 
ah 
297 
as 
be 
ly detected by F. | neider, D 
Si 
* * Now at Argonne National Laboratory 2 : 
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UA3. A Variational Wave Function for Heavy Nuclei.* 
MANUEL ROTENBERG AND LAWRENCE WiLets, Los Alamos 
Scientific Laboratory. —The ground-state energy of an infinite 
nuclear medium is minimized using a variation wave function 
antisymmetrized product of plane-wave 
cluster functions. The plane-wave 
fill the Fermi sea, while in momentum space the two-particle 
functions are cutolf below the Fermi momentum. This insures 
the orthogonality between the and two-particle 
states. Furthermore, the centers of mass functions of the two- 
particle thus insuring complete 
orthogonality among the tates. The Hamiltonian 
plus kinetic terms. The 
expression for the energy is simple because there are no linked 
but the method is limited to potentials with at most 
s will be presented and a general 


consisting of the 


and two-particle states 


plane wave 
clusters do not overlap, 
particle 
consists of two-body interactions 
clusters, 
soft cores, Numerical example 


ization to include four-particle clusters will be discussed 


* Work supported by the U.S. Atomic Energy Commission 


UA4. Hartree-Fock Solution for the Helium-4 Nucleus.* 
C. L. Seuwartz, Stanford University.-In a recent abstract! 
Aviles and Jastrow have reported a Hartree-Fock calculation 
of the Het nucleus using a Yukawa two-body force. They find 
a binding energy of only 10 Mev, compared with 55 Mev ob- 
force but a more com 


tained by Irving who used the same 


plicated wave function. The purpose of this note is to point 
out that a large part of this discrepancy lies in the simple 
kinematical correlation associated with the free motion of the 
center of mass. If the total translational invariance of the 
sured by the unitary transformation pre- 
viously described? the Hartree-Fock equation is modified 
only in that the kinetic energy term is multiplied by }. A 
variational calculation with a simple one-parameter analytic 
binding energy of 44 Mev; the exact 
Thus, 


due to 


trial function is as 


funetion then yields 
Hartree-Fock solution should give even more binding 
at most, 20%, of the binding in 
smallness of 


Irving's calculation is 


dynamical correlations. The such correlations ts 


a measure of the validity of the independent particle model 


work was supported in part by the Air Force (Office of Scientific 


Air Research and Development Command 
les and RK, Jastrow, Bull. Am. Phys «. Ser. IJ, 2, 25 (1957) 
Gartenhaus and C, L. Schwartz, Bull, Am. Phys, Soc, Ser. If, 1, 
$44 (1956) 


UAS5. Refinement of the Brillouin-Wigner Perturbation 
Method with Tensor Forces.” aut GoLpuAMMER, University 
of Delaware, Newark.--The Brillouin 
Wigner perturbation method! ? is applied to the deuteron in 
third order with both central and tensor forces. The 
parameters are chosen arbitrarily to yield energy eigen 
value near the binding energy of the deuteron. The third- 
order correction is found to be quite small (approximately 
2.9% of the order), A substantial improvement in 
the energy eigenvalue is found in third order when one in- 
troduces two new variational parameters into the perturbed 


refinement of the 


force 


set ond 


wave function, one of which multiplies the central and the 
other the 
marily from the central components, and is accompanied by a 
much large of excited S states. The D state ad 
mixture is approximately 4.4% in both the second-order and 


in the third-order calculations when the refinement is applied 


tensor components. The improvement comes pri 


admixture 


* Assisted in part by the joint program of the S. Atomic Energy Com 


mission and the Office of Naval Research 
P, Goldhammer and Feenberg, Phys. Rev. 101, 1243 (1956) 
KE. Feenberg and P. Goldhammer, Phys. Rev. 105, 750 (1957 


UA6. Energy Levels in Pb™.¢ Wittiam W. True, Indiana 
University.-A detailed shell model analysis of the energy 
levels of Pb™®* has yielded excellent agreement with experi- 
ment, with a theory in which all parameters are fixed inde- 
dependently of the level scheme being studied. The assump- 
tions underlying the work are: (1) harmonic oscillator wave 
functions represent the neutron holes; (2) the two-body forces 
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UA 


are given by a singlet Gaussian potential who irameter 


are determined sips the singlet sta f the de 
singlet effectiv 

particle | say 

given by the ol 
has been 


ied earlier 


over that obtai 


a delta-function two-bod 


trarily adjusted parameter 


UA7. An Effect of Finite Nuclear Size on the Internal 
Conversion Coefficients.* | Homas A. GREEN, l 
versily, AND M. I Rose. O f Not 
The dependence 
on the relevant deta 
Ihe results for elect: 
transitions are ¢ 
nuclear matrix 
framework of 
similar to that 
tions. The nature 
cussed and numeric: 
elements will be give 

*TI 
parti 

if} 104 

UA8. Effect of Nuclear Configuration Mixing on Hy 
Structure Anomalies.* H. H. Srrot Pri 
AND V. JACCARINO, Bell Telephone I 
of Bohr and Wei 2 obtain the hf 


the difference in size and 


nuclea 
distribution in t 
fractional contribution 

have been obtained 


here large 


These 
party le model 
magnetism was required to ¢ 
magnetic 
sign with our mea 

+-0.037 
have calculated the 
of nuclear 


moment Th 


conhiguratio 

—— of Arima and Horie 

of (g; 

and the 

we calculate 
0.019%. We fu 


the magnetic moment 


UA9. Polarization and Spin-Flip Stripping. 
AND W. C. PARKINSON, Universit f 
distribution of nuclee 
and (dn) 
spin assignmer nt of the 
measurements! of Eva 
et al., indicated that the 
thereby re cting the 
disagreement with the 
suggestion by French 
undergoes a “‘spin flip 
4<J<11/2. Polarizatior 
from the ground and fir 
to support this hypothe 
states of B" and C™ an 


sistent with a polarization 


|_| 
ind the 
of the single 
é 
the core, are 
on inter tion 
) i ) 
ent improved 
Pry 
Alburger and Pryce who use 
y potential and a nber of arbi 
Supported art 4 grant fr the t Foundat 
Alburger and M. H. L. Pryce, Phys. Rev. 95, 1482 (1954 
: 
; 
= 
wee 
nagne dipole m 
rbite if 
ee el did t permit agreement in 
es of the anomalies A(Cs!5) 
0.020 40.009 We 
; lies by idk the effect 
( 1 dy)* fe 
be ‘ n the ‘ h—d 
a nent h other a lies whe : 
* This vor! partially s rt ! t \t rey 
f mission and the Higg entifi 
1A, Bohr and V Ke 77, 94 (1950 
a. 2A. Bohr, P Rev. 81, 331 (1951 
®Stroke. Jaccat 1 We Phys. Re t ed 
Pm ‘A, Arima and H. Horie, Progr. Theoret. Phys. (Japan) i2, ¢ 1954 
Angular 
I react Fs 
4 
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1 Maslin 
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be presented 
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f are n 
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UAIL2. Analysis of (pp’y) Angular Correlation on C 


/ 


K. Baneryert ann ¢ \. Levies 


the pla e wave Satchtl 
lor the excitat 


ibout the re 


UAI10. Evaluation of Slow-Neutron Sx 
for Molecules of Arbitrary Structure. | 


La t * the 


attering Parameters 
Ap 


UA13. Detection of Vacuum Polarization Effe« 
ing of Particles on Heavy Nuclei. |’) ann \W 
Rarita.* RIAS Ire ) on 


ts in Scatter 


UAIIL. Inelastic 


Scattering Calculations for Nucle 
Nuclei.” ¢ \. ) 


ons on 
Md BA rip 
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Unstable Nuclei I 


V1. Evidence for Small Deviations from the Allowed Shape 
in the Comparison of the Beta Spectra of Na“ and P**.} 
I \ M 


4 
SESSIONS UA AND \ 99 eg 
lso in agreement with the results of Juveland.* The anon 
‘ la relatio 4 AS-Me : 
oc. 41954 cl ( » In chreetio pert 
A69 (1086 wnts | herr and Hornyal howed the 
tl pre ible backs mad. It ha been sl 
eneral etfect of the distortion is to preserve the a form : 
but it ma hanwe the yimmetry directo Cal lath of 
ltomic |! the o! ur unetry direction based on the amplitude ferred 
low eutron scatter! by free molecule the ect the talk agreed rease well with the ed : 
lues. It has bee hown that the backer term depend 
limit of hig eut energie the iclear ive function and the observed value te I 
vhere a the | ect of the le / the lates that the ¢ vave funct ire close to the : a 
the ethcient i dependi on tl 
issociated lear ‘“‘mass-te Analyt pre ) tt 
rand re derived in the general case of arbitra lecular to the Los A 
tructure Dhese ire ¢ ore | the forn | h } ae 
\ i k, ‘ 1056 
ponents of the mass te w are equal and which then lead to ; : 
forms? fe In the eneral case he ill 
| mponents of the 1a or | py 
mate method in be ed for the evaluat of the integral : : 
The application of h methods to the H.O molecul 
| 
described. For this 1 ecule we find, to 1‘ racy.a 
I t lecul id, tol i 1=04 by a careful analysis of low energy p—f itte y data iti ‘ : 
01 ) 
possible to obtain direct evidence for the modification of th 
* Operated for t gy the ¢ Coulomb field by vacuum polarizat effects. In the present Ph ae 
K 60, 1 i the feasibility of detecting the contribut 
\. M. L. Messiah, |! Rev, 84, 204 (1951 n pol ation effect to the ittering of a particl thie 
1 10 Me ria e ool eneryvu heavy nuck has bees est 
ed icula the isses of the particles involved the probabilit penet tion 
the el lly forbidden region dur coll 
1.B.M. 704 iputer.~— The d rt effort e ck hed reatly reduced as is consequently the contribution of leva ae 
is ell th ble paramete The teract teract vhen the ener low « te pre ill 
iu the tra t ent t Yukawa well th ep tio eeding the range of lear f hye 
ra e and depth. The idial part the p t t elements for the effect of the i i 
off at idius t face effects. Typical result the ittering have bee tleulated foll the 
bye h le ‘ the eter 
I thod used by Sommerfeld? for bremsstrahl ler to 
Il be d ed. A ct yar th the O 
14 | ul out numer il inftewratie direc tl ‘ the 
eV exper ent f Peele will be ‘ Iso ey : 
t j t K 103 
Wel i Ungar, New 104 7 
O ys for P™. Considerable attention has bee en the a: 
lhe re | hat ha ‘ ‘ ly the I} 
Iwo low Z vila ts tal shape factor [ (4 / / | 
wre 1494 ‘ between 110 and 1400 ke the 
6.1 1711 kev, | exp pe factor for decreases al from 
he A ed ele to 1640 ke th a slope times that of / Ver ile | 
ect ete it 2 re id ed t there ae te « le e for small ce i! f the ae 
200 jug i? Al had tl esse { 50 to 75 we /cem? for Na™ and illowed shape i one of these transition ind further, with a "ae = 


230 


lower confidence level, that the slower P® transition shows the 
deviation. With Fierz interference ruled out? the explanation 
must be sought elsewhere 


t Based on work auspices of the U. S. Atomic 
nergy Commission 
Rose, Perry, as 


Schwarzschild 
(1956 


performed under the 


1459 Tables 
Am. Phys. Soc, Ser. If, 1, 


1 Diemuke. ORNI 


Rustad, and Wu, 146 


V2. Positron and Gamma-Ray Spectra from the Long- 
Lived Isomer of Al”. Rk. G. Jounson R. D. Morrat, 
Lockheed Missile Systems Division.—The positron spectrum 
from the long-lived isomer of Al** has been measured with a 
4mw beta-ray scintillation spectrometer with average source 
thicknesses of 0.4 mg/cm? and 0.8 mg/cm*. The spectrum has 
been measured previously only by absorption techniques! 
unfavorable source and de- 


and 


a 2m scintillation counter with 
tector conditions.? An allowed Kurie plot of the present data is 
Analysis using the unique twice forbidden shape 
factor results in a linear Kurie plot from 0.4 Mev to the end 
point at 1.13 Mev with energies of 2.98, 1.84, 
1.10, and 0.74 Mev have been observed with a Nal scintillation 
Handley and Lyon! have reported a 0.72-Mev 


to obtain coincidences with the 


nonlinear 
Gamma rays 


pectrometer 
level in My*®* but were unable 
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V3. Gamma-Ray Transitions in Ti”. Raven 
Research Laboratory, WADC.--A_ sample of 
natural titanium was exposed to a slow neutron beam emerging 
from the BNL reactor, and the emitted gamma rays observed 
by two 4-in. Nal (TI erystals 
tion with a 100-channel pulse-height analyzer and associated 
95% take place in Ti® and 


leronautical 


in coincidence in conjunc 


of the captures 
observed were due to transitions in 


electronics. Over 
therefore the gamma rays 
li”. The following gamma-ray cascades were found, with the 
number in parentheses indicating the approximate number of 
cascade per 100 « 6.76 1.39 (52), 6.55 1.59 (8), 
6.41 —-0.35 1.49 (26), 151 1.78 (7) (or 4.88—1.78 

1.51), and tentatively, 4.96--1.59—1.59 (3). The correla 
these data the high-resolution single 
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V4. Evidence Concerning Excited States in Ga” and Se’’. 
J. W. Borier Gosserr, S. Naval Research 
Laboratory \ Ga™ and Se? 
has been made by looking for slow neutron thresholds in the 
Zn? (pn)Ga™® and As?®(p,n)Se™ reactions, using protons from 
a 2-Mvy Van de Graaff accelerator. The ground-state thresholds 
were observed to be 145545 and 167044 kev for Zn” and 
As?®, respectively, in agreement with the measurements of 
Trail and Johnson.! The respective Q values are 1.435 and 
1.648 Mev. In the case of As’, an additional threshold was 
ound at a bombarding energy of 196045 kev indicating an 
excited state in Se? at 28644 kev. No evidence was found for 
i slow neutron threshold corresponding to an excited state of 


AND C. R 


search for low-lying levels in 


Ga™, up to the maximum proton energy available, 2 Mev. The 
egion examined in Ga™ was from zero to 500 kev of excitation 


C, Trail and H, Johnson, Phys. Rev. 91, 474(A) (1954), 

V5. Decay of Se’*.t Noan R. Jounson, Florida State Unt- 
versity and Oak Ridge National Laboratory, AND JAMES B 
CUMMING AND Masami Izawa,* Brookhaven National Labora 
lory The decay of the 9.7-day electron capturing isotope 
assigned to Se™ by Hopkins! has been reinvestigated. Sources 


were prepared by the (a,2”) reaction on isotopically enriched 
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Pennsylvania Phe gamma radiation from long-lived rhod I ire either dip le or quadrupole An unsuces ful search for a 
isotopes made by deuteron bombardment of ruthenium were — crossover transition suggests that the spins of the three state 
tudied with a e scintillati pectrometet ire a mo The correlatio mea em t rule 
reported that the activit 1 i miuxt e ol 210 day Kh out J+4— tJ—-/. \Measurement i the 4 i from i 
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W4. Decay of Tb'®. M. A. CLark a 
kk River La (aamma ra 


W3. Levels in Gd 


fornia Institute f Techs ) lhe gan i-ra pectrum of half-life produced | the Lu a,2n) la’ reaction using 


W1. Effect of the Static Nuclear Quadrupole Interaction in = (s! Hlowing the 1.7-yr beta decay from Eu has been 
Indium. Kk. M. Purdue Lhe inte ti estigated with the two-meter curved-crystal pamma-ray 
between the nuclear quadrupole moment and the electrostati pectrometer id the semicircular beta-ray pect ter. Ube 
yradient of the tetrago | lium lattice is re ble tor a Wa produced by double neutron « ipture ian 

tr y atte the | Cad ¢ ‘ imple riched in ku'™ Following ire the energu ith ke anal 
tion di pla ed b ‘ es of metall l’re mea the m itipolarits of the measured from Col 
ments of thi tte patie in the temp ture e fr i M1 S4- 15.294001(# 1) 60.00 
to 418°K allowed the nputat ol the quae pole “prec 865440 108.324 00821. The toll 

freque which proportio it he electric gradu ing mel can be drawn with respect to the level a 

in the « tal. Some representative clon tained to ure ment i Coed! [he tirst rotational state (3 A ha i 
‘ (2343) Me ‘ OO 13.6404 energy of 60.00 kev above ground state level 
Nic 11k 11.4+0.7) M The te npera with positive parity probable pi and h cnern 
ture eflect o in be related to the decrease » the cial ratio ol 36.54 ke ind 105.42 ke respectively, The | posed spin <* 
the tetragonal dium cell with il i ment ire in agreement with the observed bran hing 


W2. Decay of Ba L. S. Aucust, R. W. CAMPBELL, A HaXiIMuUM energie f 56415, 86041 l about 1700 ke 
Max Goopricu,* Leu ina State ln Lhe deca intensitie ! and | ‘ 
the electron-capture isotope Ba™ | een studied by m on, respectively. The absence of gadoli et 
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Howeve ilculatie of the talline lient based « 

mple model show that hereas the iriation of betwee Py ‘ 
130°K and 418°hK accounted for by the change of E. L. h, Bull. Am, Ph Ser, 11, 1, 180 (1956 

the iriatic if it lower temperature too larwe to be « 
‘A 
plained by the change of the lattice spacing. Possible int ee basses . 
temperatures will be discussed — (isd 
amined in beta pectrometers of 2° ind OG re i i 
R. M. Steff M 4, 29 
(,taham, M e, and r, |. Inet. Met BA. 1056 il pectrometer a da curved-«t 
vit 
rays (123.8, 215.8, 5/45, 497 kev) were used tor calibration 
Relative Relative 
kleve ther gamma ra belong y to the Ba ck vere ‘ ly K/l 
observed in one or both pectrometet (90, 144, 158, 259, 249 Ge 

A x 14 ; 
$105. 585. 620. 830, 91 1040 kev). Of these, the 158-ke ind 616 or 15044 
105-kev have ot pre iously bee reported ever othe M4 41 oo “ Oe 

weak line vere ind ited but have t bee ertainl ent O00 
fied as ga na ra the Ka a Internal co ‘ ) 0.4 10 

coeflicients and relative te t ol the gamma i ere 179 114 6641.4 
determined and a nproved decay heme proposed ! 10 a i 
WS5. Decay of Ta'’’.” L. G. Mann, I NAGLI AND 
Han H.1.V Ly of California, Livern 
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34-Mev alphas and the Hf(p,n)Ta reaction using 12-Mev 
protons. The former method was preferred because of greatly 
reduced Ta!” yield. The decay is by orbital electron capture 
and ~2K10 *Y, positron emission. Coincidence experiments 
and gamma. and beta-ray spectroscopy measurements were 
carried out using scintillation detectors, a thin-lens beta-ray 
spectrometer, and a 256-channel pulse-height analyzer. Levels 
in Ff'?? were found at 1070 and 745 Mev in addition to those 
previously observed at 321 and 113 kev in the Lu!?? decay.':? 
Gamma rays of 113, 208, 321, 425, 510, 630, 745, 955, and 1070 
kev were observed, The ratio of K/K +L electron capture to 
the 1070-kev level was 32%, giving a decay energy of 85 kev 
to that level and 1155 kev to the ground state. The level 
scheme in Hf"? will be discussed 


der the auspices of the U Atomic 


) Vi ‘ i measurements and 
re ed investig oexcit nuclei,” Ph.D). thesis, Univer 
holm (1956 

* 1) Marmier and I joehm, Phys. Rev. 97, 103 (1955 


Wo. Fine Structure in the Decay of Hg'”*.* Brernarp 
HAMMERMESH AND Rowert K. Smiter, Argonne National 
Laboratory. lu the course of our investigation of the capture 


gamma-ray spectrum from gold with the Argonne 7.7-meter 
bent-crystal spectrometer, ? we have studied the gamma rays 
which follow the beta decay of Au’ to Hg! [t appears that 
the second excited state of Hg!"* is really a very close doublet 
Thi tate is about 1.09 Mev above the ground state. It 
decays to the ground state either directly or through the first 
excited state at 412 kev.4 In the latter case a gamma ray of 
about 675 kev is emitted.4 This line has been found to be a 
doublet, It consists of one line at 671.1 kev and one line at 
678.9 kev. The first line is about three times as intense as the 
second line. In addition, the line at 1.09 Mev has been studied 


and has been found to be too wide to be a single line 

Work performed under the auspices of the U.S. Atomic Energy Com 
mh jon 

1H. Hamermesh, Bull. Am. Phy Soc, Ser. If, 1, 220 (1956 

7 }lamermesh, Kose, and Smither, Bull. Am. Ph soc. Ser. If, 1, 
(195% 


G, Elliott and J. Wolfson, PI Ke 82, 3543(A) (1951 


W7. Decay of Bi”*.* Srantey H. Vecors, AND R. L 
Hearn, Phillips Petroleam Company. The gamma ray 
emitted by 15-day Bi®® have been studied with single-crystal 
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Fast Neutron Reactions 


Xl. Measurement of Total and Differential Cross Sections 
by Fast Coincidence Detection of D-D Neutrons and Their 
Helium-3 Recoils.* W. Bennedi, Panto L. 
SEN, JouNn B. AND Watter The University 
of Texas One-hundred kev deuteron trike an occluded 
deuteron target. The neutrons and a collimated beam of 
helium-3 recoils are detected in coincidence. The helium 3 
recoils are detected with anthracene and the neutrons with 
terphenyl-toluene scintillators, Phe ratio of coincidences in the 
detined beam to that out of the beam is about one thousand 
Phe total cross sections of several elements and the differential 
cross section of lead for 2.7-Mev neutrons have been measured 

* TI earch Ww upported by the U.S ore hrough the Air 
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borce Office of Scientific Research of the 
Command under contract 
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X6. Elastic Scattering of 14-Mev Neutrons on Be and N.* 
Anperson, C. C. Gardner, M. P AND 


X3. Measurements of Neutron Groups from Cu"*( p,n)Zn 
by Time of Flight.* H. H. Lanpon, A. J. E-wyn, anp G. N 
ASO khaven National Laborator) The Cu ute 1 Mel 


(sl 


but does not include multiple scattering correct 
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X7. Large-Angle Elastic Scattering of 14.6-Mev Neutrons 


more \ time-of-flight method has bee ed to the 
elasti ittering ol 1.6-Mev neutre \e. Cad. and 
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19 neutron detector was a plastic scintillator biased at 11 Me 
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ingle \ 10-in. Hevimet (W) rod placed between t et and 


detector attenuated the direct neutros Lhe meth depend 


X4. Elastic Scattering of 14-Mev Neutrons.” |. ¢ 
R. W. Davi H. ER, AND TDD. B ICODEMI 
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X8. Differential Cross Section for 3.7-Mev Neutrons Elas 
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Pb and Bi." | RAY Lahorat effe hee ‘ ed b 
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obtained for eight of these states. Most of these angular distri 
butions are fairly isotopic, except for neutrons emitted to the 
8.57- and 9.46-Mevy excited states. The relation of these dis 
tributions to the stripping mechanism will be discussed. The 
reaction has also been studied at 6.00-Meyv bombarding energy, 
with deuterons from the MIT-ONRK Van de Graaff generator 
Preliminary results of a Butler theory analysis of the angular 
distributions obtained at this energy will be presented 


* Supported in part by the U.S. Air Force through the Air Force Office 


of Scientific Kesearch of the Air Kesearch and Development Command 

1 Part of this work was done at Brookhaven National Laboratory while 
the author was @ summer guest 

' Kubin, Ajzenberg-Selove, and Mark, Phys. Ke 104, 727 (1956) 


X10. Polarization of Neutrons from the C'*(d,n)N'* Reac- 
tion.* W. W. W. Duke University 

largets of natural carbon, about 200 kev thick, were bom- 
barded with deuterons of energy 2.5 to 3.6 Mev. Neutrons 
emerging at an angle 6; with respect to the deuteron beam are 
seattered by a carbon cylinder 2.8 om in diameter. Neutrons 
scattered in the reaction plane by an angle 6, are detected by 
a Lucite-ZnS scintillator. From the number of neutrons scat 
tered to the left and right, and the C'(n,n)C" phase shifts,' 
the neutron polarization may be deduced. For =2.95 Mev, 
6, ~ 20°, the left-right asymmetry was measured as a function 
of O.. The observed angular dependence agrees well with 
calculated values if it is assumed that the neutrons emerging 
from the reaction have a polarization P (3245)%. For 
Ka=2.95 and 3.15 Mev the polarization was determined for 
different values of 6; between 0° and 60°. At both energies the 
polarization rises rapidly from 0° to 10°, reaches a flat maxi 


mum of $00, at and drops to Ps 10°) at 60 
Measurements tor 0; 20°, ky =2.5 to 3.6 Mey, indicate that 
the polarization remains between 15%) and 30°, in this 


energy interval. A more accurate statement is not possible, 
since the C#(n,n)C™ phase shifts appear rather uncertain 
at the lower energies 


* Work supported by the U.S. Atomic knergy Commission 
Now at the University of Wisconsin 
' Meier, Scherrer, and Trumpy, Helv, Phys, Acta 27, 577 (1954) 


X11. Scattering of Polarized Neutrons from Intermediate 
and Heavy Nuclei.* S. kk. Darpen, J. CLemMent, AND F, 
Bore, University of Wisconsin Measurements of the 
polarization produced in the scattering of 380-kev neutrons 
from hea y lei have bree continued In addition measure 

ments have been carried out at a neutron energy of 1 Mev 

The Lil reaction was used as a source of polarized 
neutrons.’ * Left-right asymmetries in scattering of these 
neutrons from several elements ranging in atomic weight from 
55 to 248 were measured at scattering angles of 55°, 90°, and 
130°) With few exceptions the observed polarizations vary 
moothly with atomic weight. Measured values of the polariza 
tion range from —0.07 to +0.15 at 380 kev, and from —0.20 
to +0.15 at 1 Mev. The results at 380-kev neutron energy 


Y1. Hyperfragments from K -Meson Stars in Emulsion.* 
Frep W. INMAN, UL/niversity of California, Berkeley \n 
alysis of 1900 K-meson stars in emulsion stacks exposed to 
the enriched negative K~ meson beam! of the Bevatron has 
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X12. Polarization of 1-Mev Neutrons from the Li’(p,n)Be 
Reaction.* H. R. » W. HArBERI niversity of 


Wisconsin The polarization P; of 0.8- to 1.4-Mi 
emitted from the Li’(p,n)Be? react t a laboratory angle 
of 50° has bee investigate Ihe left-right a nmet 
1—P,P2/1+PiP2 in the tering of neut 1 a liquid 
oxygen sample v measured at itte le of 55° { 
seven neutron energie ind at 90 r two neutron energie 
Wa calculated usi phase extracted ft the ¢ ve 
total cro ection’ and the level 1 ieters® for the 1-Me 
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P, between 0.20 and 0.40 were obtaines he energy 
region investigated. In additic ( ire t of left-right 
asymmetries with carbon as a terer pro 
on the carbo ittering phase ts at 1.0 d14M 
The observed D-wave splitting of it 1° at1M m be 
interpreted as the effect of the wice resonance t 3.65 Me 
The sign of the P-wave he | bee 
found at higher neutron energi 
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western U'nive lute fl Fil ‘ 
determined | measul the ’ | 
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capture proces ilso ilvzed to aid the identificati ol counters Lhe two dk/dR counters were nece ivy to 
the hyperfragment. Photometric measureme ire also used ~~ eliminate the wr mesons since their pulse-height spectrum is 
in track identificatic The prong distribution of the hyper broadened by Landau effect. A proper coincidence triggered 
fragment decay 1:2:3:4:5:6—6:20:174:8:34:2. Of these, an oscilloscope on which the pulse from the AX counter wa 
twelve are mesonic with prong distribution 2 i—6:5:1. De displayed and photographed. The time resolution for the 
tailed analysis of the events has yielded the following decay phot wr iphed vilses was 10 my sec. A* mesons are identitved 
cheme ind bindi t TT for the A hyperon ALI*—+He* by the ize ol their decay pulse ind by the half-life of the 
r +0 ) events), B 1.1+0.7 Mev AHet—-Het +H decay spectrum. The efhiciency of the experimental arrange 
ta 0 BI 12+1.0 Me AHle®—-H xr +Het+0 ment is being calculated and cross sections will be presented 


CRL-36 aad Re be blished Particles.* V. Z. Peterson, C. E. Roos, anp T. C. TeERMAN, 
( fornia Institute of Techn The photoproduction of 
Y2. Negative K Capture by Nuclei.” KR. H. Carrs, Univer positive K particles by 1100-Mev bremsstrahlung has been 
ity of California, Berke The experimental data of White observed by topping magnetically elected partich in 
Gilberg ind Violet once y the harged gma partick lear emulsion detector The cro ection for associated 
emitted whe negative kayo! ire topped in photographi produ tion, and the distribution of decay modes for photo A 
emulsion ire interpreted by rie ol in optical model It i (a mipared with nu leon-produced A ) are tn tuched 
i imed that the primar, il orption interaction involve tive parti le emitted from a carbon target if a mean 
directl milly a singh cleon d that the impulse ipproxima laboratory angle of 42° in the momentum interval 250 to 300 
tion 1 alid i th interaction. In this model the observed Mi c are clected by a bending magnet and the focused 
pectra ol Zz ind > irticle emitted in two-prong tar ire on an emulstor peli le tack b i quadrupole kk Range 
best ¢ pla ed if one ire an attractive ittering inter eparation of parth ke of different ma " used proton 
iction betwee! gina part le ind nu leons From a compari top within the tirst em of em ilstion A top between 2.§ 
son of the mulsion data with the results of topping negative ind 4.0 em, a d | ) ind electron put completely through 
kayons in a hydrogen bybble chamber,? limit ire placed on the 4 deep stack vith near minimum tonization. The A 
the po ible magnitude of the cro ection in nuclei for the found far | e been located by area scanning ule plate 
ab orption ot harged ma party ke by mea ol conversion bh the "nl plete tack it will be po ible to line can the 
to neutral or lambda partich d the ma mun proto range for tt tw 
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( n n low ‘ ists chiefly of product of pron interactions in the 
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lear emul Donono AND R. L. Waker, California 
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whether the nucleus is light or heavy, different emulsion 
In the Ag, Br group escape of the A® is 
likely to be accompanied only by neutron emission, whereas 
The C, N, O group 
of nuclei usually disintegrate, yielding charged particle stars, 


tar types are seen 


capture of the A® should give w type stars 


often of low energy. If the A® is captured in a light element one 
a hyperfragment. As indicated by the presence of low 
at least 70%, of the stars are 
1/5 contain hyperfragments 


prong i 
from light ele 
Charged- 


energy prony 


and of these 


ment 
rare. The average visible energy release from 
about 23 Mev. At least 30°% of the = 


do not lead to charged particle emission 


Pron emission 


light-element stars ir 


capture event 
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Y8. The K° Meson as a Particle Mixture.* Wittiam B 
Ricnarp LaAnperR, AND Witson M. Power, Uni- 

ily of Serkeley \ beam of 1.25-Bev/cx 
\l producer, The pictures an 
210° mesons. Neutral 
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field.! 
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alyzed correspond to a total flux of 
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emitted at 
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pal ti ke 


propane chamber in a magnetic 


were wep! out by an 

with a negative prong consistent (by 
bubble count and momentum) with a mw meson and a positive 
prong consistent with proton, 17 had a O(p,r ) consistent with 
37 Mev. At least ten of these are thought to be A®° decays. One 
originate two-prong star in’ the the rest 
)-in.-thick steel walls. Forty events with 


ina positive prong each consistent with a pion or an 


from a propane, 
probably from the 
heyative 
consistent with the 6,;° in eleven 
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been identified in three of the remaining 29 events, 


electron show value 


three of these originate propane. Negative elec 
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Y9. Report on Long-Lived Neutral K Mesons.* Kk. LAanpi 
L. M. LepermMan, Columbia University, AND W. Cuinow 
KY, Brookhaven National Laboratory 
an experi it previou ly re ported! we have 
100 decays of whose flight paths from 
produc tion to the 
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accumulated over 
neutral Vo particle 
36-in, diameter expansion cloud chamber 
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Angular and energy distributions 
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pendence of the strangeness quantum number in the neutral 
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if the spin and parity are odd, it is 
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rule for decay, AT’=4, holds, the ratio @—+29°/@ 
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among the unstable particles produced by 1.8-Bev a 


election 
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From K~™ interactions at rest with hydroge yielding charged prong and from tw prong stars w ll be give i vell as thet 7 
hy pere of both sig we obtain a =~ mass of 2340.84-1.8m decay angular distributio ’ ' 
he lifetime, obtained from the mode of deca 2 
ilone, is 1.0010 ‘ based on 11 decays in flight. The ‘ f 
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only is plotted as a function of magnetic field. The electro- 
magnetic thin film is 
solved, and the transmission for the case of exchange damping 
only is compared with that for relaxation damping only 


problem for transmission through a 
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Z6. Shape of the Ferromagnetic Resonance Line in Poly- 
crystalline Ferrites. SCuLOMAN 
Company. If the anisotropy field is much larger than the 


N, Raytheon Manufacturing 


ingle crystal line width and the saturation magnetization, the 
essentially determined by the 
spreading of resonance frequencies for different grains due to 
crystalline More precisely: If w(/1)d// is propor- 
tional to the number of grains that have their resonance in the 
range of applied de field between // and H/+-d//, the absorption 
versus lield curve should be a smeared out image of the distri 
bution function w(/1) 
teristic singularities arising from the stationary points of the 
field The behavior of 
w(/1) in the vicinity of the singularities is calculated for first 
order cubic anisotropy and w(//) is obtained by interpolation. 
For small anisotropy fields, the calculated line shape has a 
to grains in which a (110) 
held 
0.5) a secondary peak occurs 


shape of the resonance line is 


anisotropy 


The distribution function has charac- 


resonance versus orientation surface 


single peak which corresponds 
direction is aligned with the de 
fields (y/1,/w It corresponds 
to grains in which an easy axis is aligned with the de field 
The theory accounts for secondary resonance peaks at low 


For larger anisotropy 


fields observed in ferrites of small saturation magnetization. 


Z7. Ferromagnetic Resonance in Polycrystalline NiFe, - 
ALO,. J. KR. ZeenpeR AND E. SCHLOMANN, Raytheon Manu 
facturing Company. -Measurements made at 
1.0. Near the magnetic 
point, the resonance line is very wide and has a shape similar 
2804. Meas 
urements between —70°C and 360°C made on a sample with 
«0.65 hed from 
room temperature the line shows a main absorption peak and 
side. At 


narrower, the shoulders 


were band 


for t between 0.6 and compensation 
to the one observed by MeGuire! in Lig 
gave the following results: At 
higher the line is 
pronounced and tinally dis- 
, the low field shoulder becomes 


shoulders on each temperatures, 
are kk SS 
appear \t lowe temperature 


the predominant absorption peak, and two shoulders are 
Similar results are obtained for 
compositions after quenching from different 
The line shape is interpreted on the basis of 


the theory given in the preceding abstract 


observed on the high field side 


different and 


temperatures 
Ike asonably good 


agreement is found between measured and calculated line 


shapes if it is assumed that the first-order cubic anisotropy 


constant is negative and that all higher order anisotropy 
are zero. The anisotropy fields 2| /M, determined 


are in the range of 800-1700 oersteds 


constant 

in this way 
R, MeGuire, Phys, Re 97, R41 (1955 
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Evidence of exchange 


Z8. Exchange Anisotropy in Fe-FeO. \W. I. 
General Electric Research Laboratory 
anisotropy! has been found in the Fe-FeO system Exchange 
the result of an interaction between a ferromag 
and that the 
rotational hysteresis has a nonvanishing value at high fields 
[41> (Q2K/1,) | for temperatures below the Néel temperature 
of FeO, and a zero value of rotational hysteresis for tempera 
tures greater than the Néel temperature 


anisotropy 


neti antiferromagnetic system, It is shown 


'W.H. Meiklejohn and C. P. Bean, Phys, Re 102, 14134 (1956 


Z9. Optical Transparency and Faraday Rotation in Yttrium- 
Iron Garnet (YIG). J. F. Ditton, Jr., Bell Telephone Labora- 


tories.-It has been found that YIG crystals are transparent 
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expla the « eota inisotropi forced magnetostricti iteration varied up to 768 pa through the lattice kor the 
Similar arguments are applied to the elastic constants of 0% 20 lattice 100 passe ippeared to bring the tem to 
ferromagnet ibstance From a detailed analysis of the “equilibrium except thre emhborhood he Cure 
energy terms given in the foregoing, we can understand the temperature where fluctuation caused erratt ‘ | I tial 
dependence of elastic cc tant ipon the direction of mag pin ) vurati of complete order and complete d det 
netizatio at high field Also the temper iture depe wie yave ompar ible re ilt ilter ipproximatel the 
of elastic co tant in the ferromagnet range can be ey ol iterat Computatio were performed o the TLTLLAG if 
plained, from which we lso argue the iture of the inte the | ‘ ty of lin 


action energy betwee! moments 
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Zi3. Studies of a Monte Carlo Method Applied to the Ising 


Lattice Problem. L. 1). Fospick,* Mid rn niver Z14. Effects of Defects on Spin Interactions in a Simple 
Research A tion lhe two-dime mal Ising lattice Cubic Lattice.* \. University ef Marvland 
imple tatistical tem with intere 1 itl e detect h as foret itom r hol pun 
known properti It t! i teresting test model leract mpl ibie Lattice are theulated 
imerical procedures ¢ milar, but more complex statistical the so-called spherical model, In the case when the entra 
tem According! i est ition of thea iracy ach ! ol detects ts low and the distance betwee i pra ot 
ible j i ipplication of a M te Carlo methodt to the two lelect larve, the exa t positions of defects are timportant, 
dime il | iatt blem h I le Ih de ad the « chery ind other thermod 
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of magnetic susceptibility is moditied because of 
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ferromagnetic Curt which is also determined | clete 
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ZA1. New Clock Problems in Special Relativity Theory ime that these equal number 
R. SCHLEGEI Viel mn late Unive ty Appl ition of the come trom the decay of the neutro We therefore look for a 
Lorentz time tra formatio toah pothetr clocl regara proce vherel the eutron ca thesized ‘ price 
le of its interact tuation leads, in addition to the well Models of the elementar particles have alrea met ud 
known clock parad to three other (1) Clock \ ced? in which it i how that the electromagnet eld 
freque ‘ re required to decrease e© motion can be talnlized in ring haped co yiratye | el i ta 
iltho h the ed j eolma require i tio If Tt wall be hown how these models « the 
increase 1 the treque r mo*/h (2) Ihe reading of i pote itial vell of the deuteron a d how the i exhibit 
given clocl pre imably the for observer in ill diffractio =ointerterence etlect hie contam 
coordi t¢ em ! the obser ble ol contirmed rela within it a place low photon ’ left or rwht-handed row 
ti pr th coord ite ystem. (3) Meson haped eutrim (alread and antimatter he 
lifetime ire increased from 7 to 7+ by motion relative to model yyest that the neutron 1 yuthesized b thie elf 
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Preliminary Announcement of the 1957 Summer Meeting in the East 


The 1957 Summer Meeting of the American Phys 
ical Society in the East will be held on Thursday, 
Kriday, and Saturday, June 20, 21, and 22, in the 
buildings of the University of Notre Dame at Notre 
Dame, Indiana. For our Division of Electron Physics 
this will be the principal meeting of the year, and the 
Division will largely determine the symposia and the 
invited papers. The Local Committee notifies us that 
dormitory accommodations will be available on the 
campus at $2 for singles and $3 for doubles: write to 
Professor J. W. Mihelich, Department of Physics, 
University of Notre Dame, Notre Dame, Indiana. 
On the campus there is a hotel, the Morris Inn (sin- 


$12 to $19) 


are the 


gles $9 to $12, double 
ing city of South Bend there 
the LaSalle Hotel 
somewhat lower rates 
Send is on the New York Centr 
end trai 


and the Oliver 
and a number of 1 
il (the Car 
also over it 


(Chicago, 


tional Railways 
the “South Shore”’ 
Send) electric trains from 
Buren Street and Central station 
Deadline is » Friday, Ap 2: abstra 
to be sent to tl t Columbia 


University, New 


ith She re 
treet, 
nicago 


tract are 


Preliminary Announcement of the 1957 Summer Meeting in the West 


The 1957 Summer Meeting of the American Phys 
ical Society in the West will be held on Thursday, 
Kriday, and Saturday, September 5, 6, and 7, in the 
buildings of the University of Colorado at Boulder, 
Colorado, It is hoped that this may be a joint meet 
ing with the Sociedad Mexicana de Fisica and per- 
haps also with the Canadian Association of Physi- 


» given in the June 

Monday, 
sent to the Local 
(Professor W. A 
Berkeley 4 


Further information 
this Bulletin. Dea 
and abstracts are 
the P 
Nierenberg, Uniy 
California ) 


cists 
issue of 
July 8, 
Secretary ‘oast 

California, 


lor 


Appeal to Professors 


Professors and their secretaries in colleges and uni 
versities are asked to destroy whatever copies of the 
old nomination form (of nomination to membership 
in the Society) may still be lying around and to 
replenish their stocks by writing to the office of the 
Society for copies of the new form. By “the new 
form” is meant the one on the back of which a special 
place is provided for the signatures of sponsors who 
wish to claim the “student concession” for their can 
didates. By “the old form” is meant any form on 
which there is no allusion to the student concession. 
Many who have used the old form have forgotten 
that the student concession is not granted to those 


themsely 
old forn 


candidates who simply describ 
When the 


form must be 


dents on their forms 
the concession is desired, the 
the office of the Society together with a s« | 
in which one of the sponsors attests over 
ture that the 
larly enrolled in an educational institution 

Se it recalled that the student 


candidate is a fu 


conce 


in a reduction of dues from $15 to $10, pl 
vithout addit 


lege of receiving one journal 


lasts for only 1 tl 


one year, are 


student's 


ment. It 
the first 
Society. 


year ot the member 


. In the neighbor 

‘ Hoffmann Hotel, 

1, all witl 

Is. South 

lian Na 

York 27, New York. 

‘ 

mailed to 

i 

ent regu 

the privi 
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MEETINGS AND DEADLINES FOR THE REMAINDER OF 


1957 


Place Veeting dates Deadline dati 
Washington, D. C. \pril 25-27 past 
Notre Dame, Indiana June 20-22 \pril 12 


Boulder,* Colorado 
St. Louis 


Stanford,* California 


* Abstracts for the Boulder and Stanford meetings 
are to be sent to W \. NIERENBERG, | niversity of 
California, Berkeley 4, California, and must reach his 
office not later than the corre sponding deadline date 

Abstracts for the other meetings listed above are 
to be sent to Kart K. Darrow, American Physical 
Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
Corres) iding deadline date lake note that abstracts 
mailed the day before deadline-day often fail to arrive 


in time: the last postal delivery of the day usually 


The Council has ordered that abstracts shall be not 
longer than two hundred (200) words or the equiva 
lent thereof. In reckor ng equivalence, a footnote ts 
equated to ten words; each line in a table to ten 
one that requires a line 


words; a “display” formula 


to itseli—is an expensive luxury equated to forty 
words. 
be sent to the 


nust be typewritten; one 


[wo copies of each abstract must 
appropriate office They 
must be an original, the other may be an original or 
a carbon copy. They must be double-spaced: single 
paced manuscripts are too crowded to permit the 
editorial markings to be made with ease and clear 


ness. Each abstract must be confined to a single page 
if it is too long for a single page it is too long to le 
printed. Jf we recewe an abstract typed on two pag 
we print only its first page; an example appears in 


this Bulletin. Write each abstract as a single para 


September 5-7 
November 2Y 30 
December to he decided 


RULES AND INSTRUCTIONS FOR THE PREPARATION OF ABSTRACTS 


July & 


September 27 


comes to our office before 2 p.m. Allow at least two 


lays for abstracts sent by airmail from points east of 
the Mississippi, and longer for those sent from far 
ther west. To avoid chance of confusion, please do 
not send an abstract for any meeting until the dead 
line date of the previous meeting is at least tive days 
past. The privilege of contributing papers to meetings 
of the American Physical Society 1s restricted to th 
members of the Society and to nonmembers whose 


papers are sponsored by members 


graph: the suppression of paragraphs costs time and 


labor to the editors. Do not use very thin paper; a 
heet of very thin paper may cause extraordinary 
trouble when mixed with sheets of reasonable thick 
ness. Look at the abstracts in this Bulletin to see how 
the title of the paper and the name of the author are 
to be arranged, and follow the example. Issues of the 
Bulletin are alway appreciably delayed because the 
editors have to do what the authors should have done 

ktemember the rule of the Council that, if an author 
ubmits more than one abstract, all but one must go 
onto the Supplementary Programme. In enforcing 
this rule, an abstract is credited to the author whose 
name appears first in the by-line. By action of our 
Council, abstracts will not henceforth be with- 
drawn from our proofs unless the asker sends ten 


dollars with his request. 
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Proceedings of the American Physical Society 
MINUTES OF THE 1957 THANKSGIVING MEETING AT CHICAGO 


QO all of our “traditional” meetings—those which  Candlin, "Georg 
recur year after year at the same time and al a —- ae ‘ 
most always in the same place the Thanksgiving E. Condon, ‘P, 1 
meeting is the only one which still invariably envelops — Sherman Cooper 
us in wholly academic surroundings and so affords *Paul C. Di Celle 
us the congenial hospitality of the academic world,  Giragossian, “Kol 
In 1956 our host was again the University of Chi - Besrocgy ig 
cago, as for half a century it has been nearly though = y prummond, "D 
not quite always (1957 will provide one of the ex- ard M. Edelstein. *R 
ceptions). Like our other major meetings, the Chi- “John Samuel 
cago convention has pretty nearly stabilized in size nas 
as measured by number of contributed papers: 1750 @ Gia Winsten Gin, 
this year, 183 the previous year, and 168 the year [Lawrence Glasser, "Walter J. Gl 
before that. The attendance continues slowly to in- “Joel E. Gordon, Ben A. Green 
crease, but not at such rate as to alarm us with the eth Randolph Greider, Edward 
expectation of overtaxing our friendly host: the reg 
istration in 1956 was 648. The Division of Solid Haenni, Rober fans 
State Physics and the Division of Chemical Physics — Stanford Hall, Franci 
organized symposia, and on the general programme — liam W. Happ, “Jan 
there were invited papers on quite a large variety of © Harmuth, "Michael J. Harri 
topics. The banquet was held in the Quadrangle Club Jr., *Stanley G. Hawks Ray 

“ B thur Hehrs, Walter Winfried 
on the Friday evening, with an attendance of 123. G M. Henke. Rev J. & 

We must not omit to reiterate our warmest thanks Hickman, Eiji Hirahara, 
to Mrs. Dorothy C. Johnson, able and hard-working chez Hooper, Dale DuBoi 
Chairman of the Local Committee of this and several 4 
past Chicago meetings. She has now announced her William tated . 
withdrawal from this annual task and, much as we J. Katsanis, H. Dy 
regret it, who can blame her? Her successors will ard Pearson Kenan 


4 “ink nec Charl 
have a high standard to match, and we count on her P. Kleinknecht, Char! 
Hendrik C. Kramet 


advice to help them approach it. ee 
The Council met on Friday and elected to Fellow- — koff, Aron Kuppern 
ship & candidates and to Membership 268: their ng John |. I 
names are printed in this Bulletin, The Council 
awarded to Charles Kittel the 1957 Oliver E. Buck- Long, Theodore | n, Bu 
ley Solid-State Physics Prize for his work on the Mackowiak, Richard M. Mage: 
Jr., "Dennis Philip Malone, Gra 
vestigations of the electronic structure of solids. J. W. Danie 
Beams was nominated to the Governing Board of the — Menne, Ruel 
American Institute of Physics for a three-year term, “Richard Thoma yer 
Mimmack, “Laurence Mittas 
Elected to Fellowship on November 23, 1956: H. W. Bode, *Francis K. Mullen, "Mar 
C, D. Broyles, T. B. Cook Jr., R. L. Dolecek, C. D. Hause, Jun-ichi Nishizawa 
F. H. Shelton, C. V. Stephenson II, and W. D. Walker *Earl Wayne O'Dell 
Elected to Membership on November 23, 1956 Stanley SS Harold A Papazi n 
Abramson, *Se Hee Ahn, *William Theodore Allen, "Ralph D. ‘Walton A. Perkit 
Amado, Floyd C. Anderson, “Roger Arawjo, "Donald Arnush, Colin Arnold Plint, Philiy 
Sabro Asaka, Masao Atoji, “Alvin Herbert Bachman, “James Jerome S. Prener, Arnold 
Stutsman Ball, "Brother Ulrick Barnabas, Edward Bernard W. Querfeld, Warren E. Quinn 
Barnes, Donatella Baroncini, “David James Bates, Earl C. Lloyd E. Richards, *David 
Beaty, William Martin Becker, Nelson F. Beeler, M. D. Bell, "Ernest Hugh Roge af 
*Aron M. Bernstein, John S, Blakemore, Carl Edward Bleil, Mary F. Romig, *! 
*Michael Henry Blue, "Elihu Aaron Boldt, Antonio Borsel- W. Ross, Ronald R 
lino, Stephen Randolph Boyle, Brother T, Brendan, F.S.C., Ryason, Chili-Tas 
Harold Reid Brewer, George Henry Brigman, Seymour Sandmeier, 
Steven Brody, Stanley Buckser, John Bradley Bulman, *Rich- — ard Schick 
ard N. Bundy, Duane W. Cady, “Charles A. Caine, D. J.C. Schuder 


iet 
ict 


applications of magnetic-resonance methods to in- 


4 | 
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rlai Fred Ow 
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ean-I Detoeuf 
ek D Graydon A 
iva 
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AMERICAN 


Smith, Felix 


r. Smith, “Stanley Fred Smith, *Donald DuWayne Snyder 


ard Dana Sharp, *Richard K. Sloan, *Arthur ¢ 


Evan S. Snyder, David A. Sokolov, Anthony J. Soldano, Ja 
cob Spira, *Thomas Edgar Springer, Jack Steinberg, Melvin 
Sanford Steinberg, Carl Walter Stempin, “Morton M. Stern 
heim, “Myron Strongin, H. ¢ sullivan, “RK. Sun, "David ¢ 


Sutton, “Richard R. Szostecki, R. Dean Taylor, ki Teramoto, 
Hioward Allan Tewes, Otto Helmut Theimer, John W. Thor 


son, “David J. Thouless, Senzo Tokunaga, James T. Trumbo, 


PHYSICAL 


SOCIETY 249 


*San Fu Tuan, Thomas Charles Tweedie, Jr., Richard An 

ny Vagnim, Nancy R. Vinsonhaler, Howard ©. Volkin 
Yoshihisa Wakuta, “Robert I]. Webb, Marcel Wellner, "Carl 
Werntz Nicholas A. Wheeler, "Raymond Morris Wilenzi 
Elmer Albert Wolff, Jr., Richard L. Wolfgang, Masami Ya 
mada, Shaul Yatsiv, *Avivi Israel Yavin, *Woligang Zernik, 


hrisian Zorn 


* Student 


Errata Pertaining to Abstracts C3 and U1 of the 1957 New York 
Bulletin (Series II, Volume 2, No. 1) 


C3, by A. Roberts 
da/dR . should read... field index n 
U1, by Robert T. Smith, J: 
and appear to be the re 
Me™ excitation:::. 


MINUTES OF THE 1957 AN? 


ie 1957 Annual Meeting of the American 
Physical Society, held from Wednesday, Jan 
uary 30, through Saturday, February 2, in the Hotel 
New Yorker in New York City, proved to everyone's 
amazement to be much the largest meeting that this 
Society ever held, either by itself or in conjunction 
(as on this occasion) with the American Association 
of Phy ics Teachers. The 
cended to the stately value of 3110, pre 
upon the record 3206 set by the jot convention oO! 


and all 


of its other founder societies just one year ago. We 


figure ol registration as 


ing hard 
the American Institute of Physics with our 


t attempt to distribute the credit for this huge 
attendance between our Society and the AAPT. Not 
by our fault nor by the Institute’s, the reservation 
capaciou theater for the 
Joint Ceremonial Session wa nd into the 
Grand Ballroom of the Statler leased at almost the 
last moment there packed itself a crowd estimated at 
2300 to listen to Messi Wigner, Zema 
Segré, while many more found themselves 
| 


which we had made for 


nsky, and 
forbidden 
smash hit 
listory by the post-dead 
and on Saturday after 


to enter. Even more astonishing was the 


scored Lor the first time in 


during which 
the largest hall normally 


line session, 
noon to hoot at our dis 


posal was occupied by so immense a « rowd that some 
of its 
chandelier 
the grapevine had spread the news that some of the 


members did everything but hang from the 
This was because the blackboards and 


! 
post le dine | iper we uld he devoted to the issue 
of nonconservation parit which had burst into 


public view exactly two weeks before. In this same 


hall the symposium vision of Electron Phys- 


and David Breitenbecher 
it of Me™ excitation hould read 


In lines 4 and 5, field index n=p/B-aB/ap, or by a variation K/a 
B-dB/dp, or by a variation Kh/a-da/dR:-- 


In the last two lines of the abstract, 
and are the result ot 


New Yor« 

lecture had been given before 
tandees, We view with 
the pre hlems of 


Buckley 
filled seats and quantities of 
consternation the omen of a rise in 
ociety to a new order of magnitude. It 


ling to note that the 
did not rise to quite the mie ¢ 


ymnewhat cor number of 
contributed paper 
tent (376 apainst $66 last year and 329 the year 
before ) 


held in the Ter 


Yorker on Irriday eve 


Phe banquet of the Society wa 
race Room ‘of the Hotel New 
where a great rise in the 
welcome and 


Phe after-dinner speak 


attendance would have been 


warded, we did not have one 


ers were M. J. Kelly who 


poke under the tithe “Tl 


work and environment of the physicist yesterd ti 
day, and tomorrow,” and R, R. Wilson on “A nu 
clear physicist’s impression of Russia.” At tl ban 
quet the 1957 Oliver I. Buckley Solid-State Physic 
Prize was conferred upon Charles Kittel. At. thi 
banquet, also, the termination of George Pegram 
thirty-eight year ot ervice to the ociety in the 
] 


role of ‘Treasurer marked by the reading of a 
tatement prepared by direction of the 


166 of thi Bulletin 


testimonial 
Council: it appear 
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Tellers announced the votes cast at the election re- Elected to Fellowship on Janua 

cently concluded for candidates to terms of office L. Falkoff, A. T. Forrester, 

if . . . Benjamin Lax, |. L. Lebow, J 

commencing at the end of this meeting. Here is the 4 iy Ry 

list of those elected; President, H. D. Smyth; Vice- KR Symon R 

President, J. W. Beams; Secretary, K. K. Darrow; Elected to Mem 

Treasurer, 5. L. Quimby; Councillors, W. Bleakney J. M. Aarts, J. Robert A 

and W. K. H. Panofsky; Members of the Board of tt, "Marvin M. Abrahan 

I:ditors assigned to The Physical Review, L. = 

Koldy, Kenneth Greisen, Thomas Lauritsen, H. W. down, 

Lewis of Wisconsin, C. P. Slichter, C. N. Yang; erick Aronowitz, Milford 

Members of the Board of t:ditors assigned to Austin, "Norn Nathas 

views of Modern Physics, Charles Kittel and G, C. 

Wick. A run-off election had to be held to determine (© porkow. Matthew 

who should enter the Council, since of the four can Ir., ‘Gordon Alan B 

didates only one achieved a majority of the total  eilin, Daniel Berg, *h 

vote. The Society being now in the black, it was not —_ ss a * 

neediul to ask those present to approve any increase 614 Stephen Poy 

in the dues. Lawrence Milt 
The Council met on the Tuesday preceding the — nard Bruns, * 

meeting of the Society, It elected to Fellowship 16 seppe Orlanolo 

candidates and to Membership 381: their names are gg se 

printed in this Bulletin, W. W. Havens, Jr., was Wa 

appointed to the post of Deputy Secretary. ‘To the — Polk Chesick, 

Nominating Committee (to nominate candidates for Robert Paul 

terms of office beginning in 1958) it appointed J. H. iene oa 

Van Vleck (Chairman), J. L. Fowler, S. A. Goud 

smit, Thomas Lauritsen, W. James Lyons, K. G.  colm Roderick 


McKay, J. R. Platt, E. M. Purcell, and R. R. Wil-  Daskam, Jr., "Harold 


on h \ 1 ] 
son. To the Committee charged to make recommen- 8°, “Ralph MacGill Deal, Fstu 
Dean, Dominick John DeBittett 


dations for the 1958 Oliver E. Buckley Solid-State wit 
Physics Prize it appointed C. G, Shull (Chairman), gotph Dodge, "Ari 
LeRoy Apker, Charles Kittel, R. J. Maurer, and Kk. *Francis Eugen 

G. Mckay. Kich, Jr., “Tomi 

Erickson, John | 


Taking account of the retirement of George Brax 
ton Pegram from the ‘Treasurership of the Society yon. «Leon Joh 
after thirty-eight years of notable and valued service Jr. "Daniel Isa 
in that office, the Council authorized the preparation "Robert Lull | 
of the testimonial statement which appears on page Vernon Foster, 
166 of this Bulletin; conferred upon Dr, Pegram the Se say 
title of Treasurer Emeritus of the American Physical Geioes 
Society ; and made him a complimentary member of — Gentry, *Be: 

the Society, exempt from dues and from subscription ert L. Gilbert 
charges (the term “honorary member” would have —— ae 
been used but that our Constitution restricts this Greenhere 
rank to foreign physicists ). Grench, Marvin 


The awarding of thanks for the management of a FE. Guthy, Willian 
Hagedorn, 


tin} . ton, Jr., “Frank 
sive task. The Chairman of the Local Committee, (7.7.5, 
Hanks, Robe 


Kdward Favare 


meeting so great as this one ts in itself a comprehen , 
S. A. Korff, and his colleague and assistant, Arthur Cjement Healy 
Beiser, both of New York University, deserve our — Arvid Herzenber; 
de brand, Jann 
Hoesterey, Ong 

Smoot Horsley 
undergraduate and graduate students of New York — ffoy, *Floyd | 


warm gratitude for labors of organization such as 
they had already undertaken more than once, Many 


University were serving at the sessions to cope with — Ishii, *Chikashi 
Jacobs, Marily 


services of the American Institute of Physics and its Henr 


staff. Our best thanks to all! 


whatever problems might arise. Immense were the 


| 
ule y 29, 19 J Dexter 
1. tor DD. Kn t 
\ 
he 
: 19 Christianu 
kdwin Ab n, De 
t Alper, “William Jeffries 
fol Arthu el Manly 
: George Edward Backu 
ile } "() y Lama 
Nguyen B Arthu 
tt, William Louis | ett 
Kae Beatty Phil bert 
an, “Robert Allan Bern 
BB ird Bet é Vilbert 
\A | | 
vi i I Na bia 
Bredt, Ed Vv. | 
evert bier bie 
ve la e buttor (a1u 
Arthur 
l Willard Dal 
Eugene Chermack, "John 
Bai Lytoon Cline, Robert 
leg ve, J Ran 
‘a non D'O Crawford, 
( Mal 
n nn al la 
Ira in Dale, Edward 
Philig Denn 
a d Di Will Ran 
Jomna ile Juga 
ey 1 Carl Ehlert, A d M 
irke W alte 
ree Li Olives 
ne vanni Gene | Robert De Felt 
iegel, Jack Fi H ( lton bit 
livel, "J es | e ( | 1, ji 
vard, “( ( lton | t Dougla 
Juncan Gral Fost Noel Oviat 
Rudol brits Will Edmund Fry 
bedian, Calvin ¢ rle (; losep} 
ymond | Genoli Willia 
| lemence Gerste Fay | n Gifford, Rol 
i ri Giulotto, Walter Glaser, Ludwig Ed 
yin Crooding *Milton Gottlieb, “Daniel 
Lawrence Conde Greene, "Herbert Allat 
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Robert Russell Hewitt, | t in H 
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Hu David Lee Hut ( 
Iso, Bradk Ja Donald 
Esther Jacox, Endel J. Jaska, “George | 
Nelius J rud, Richard Lindy Johnst 
Jones, Jr., "Ben Jose n, J wn Fre 
eb ee , "Morton Richard Kagan, Wolfgang Karl 


ni, ocher, Cha le 
Korn, Morri Craus "George Leigh LaChapelle, Theodore 
James LaChapelle, Jr., "George L. Lamb, Jr., “Donald Ne 


ton Langenberg, “Rev. \W Joseph Larkin, S.J., °M 

Je La le, “Arthur Jar Lay ze Lawre e Lee, *¢ 
Benjamin Leffert | e Lernet led n Ro Levu 
"Morton As! Levine, William A. Lindgren, Ca 
Lindholm, “Richard Wallace Lindquist, ‘Ivar | inuel 
Lindst Francis Al Liuima, George D ld Long 


Malin, William Timmons Malone, Cedric Robert Mann, Rev 


Charles Julian Marhoefer, Richard Almeron Marshall, Yo 


hika Masuda, Vernon Paul Mathi ktsuyuki Matsuura 
*Walter G. Maye \ man Gerard McCrum, Henry lex 
ander McGee, Jr., “John Donald McGerve Theresa Marie 


McKeon, John D. McKinley, "Dean Elwood ! 1 
ild Wingrove McLeod, Garfield Walter McMahon, Richard 
Burr McWhirt, Allen Henry Meitzler, *] 
David John Meschi, *Robert Hilton Meserve *Fredericl 
e Patterson Mikesell, *Allan Stephen 
Miller, George Earl Miller, Lewis D. Miller, “Richard Henry 
Miller, Takeharu Minegishi, “Michael Dennis Mintz, *Ronald 
Martin Mirman, “Raymond Francis Missert, Toshio Mitsui 
Harold Arthur Moore, Peter Lawrence Morawetz, Hazime 
Mori, Carroll Walton Morrow, *Peter M hansky-Living 
ton, William Wilson Mullins, Edward Leo Murphy, Albert 


Leon Mvyersot lan Lawrence Newburn, “David Stank 


Ne Wayne kd t J tank dvi 
hiro Ohkawa, “Robert Cl in Obl n, | i Ohmura 
Jol Pierce ©'’Meara, Kol Lucien © Edward Da 

iel Pali "Bernard Lewi vitcl n Pa John 
Vick P i joe M i Walter Pat 


ten, David |. Paul, "Jeanne Cassavant Pedersen, *Norman 
Eric Pedersen, John Oliver Pehek, "Arno Allan Penzias, 
George ue Petit Daniel Ruff Pfoutz, “*kred Totten 

ps, , Valt Pilcher, Wi n Allan Plummer 
*lohn Anthony Poirier, Noel Kynaston Pope, *John Finley 
Porter, Jr., "William Manos Portnoy, Bernard Jerome Ran 
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il, Narasimha Ramachandra Rao, *John Fetsch Ready, *Kurt 
Reibel, Charles William Remaley, *k:dward Antoine KRemle: 


( le Anthony Renton, Joseph Donat Richard, |: J arn 
I} Richardsor Lhon Robert Riethof, Michel Fabre 
de la Ripelle, "Richard William Roberts, William Josepl 


ci 
Roberts, “Richard Karl Robertson, “Edward Lee Robinsot 
John Romanko, Bernard Willem Roos, *Paul M. R 


"lame Edward Russell, I], Dror Sadeh, *John Laurene: 
npson, George Sarmaniote, George Raymond itchler 
William Ralph Savage, "Arjun Nath Saxena, Derek Scho 
field, “Harvey Schultz, Clarence Lee Schuske, Charl Leon 
chwartz, Irving KE. Segal, Bernard Selikson, Robert los 
Seymour, “Charles Shapiro, “Gilbert Shapiro, "Paul Bernard 


ipiro, “Gordon L. Shaw, *krank Thomas Shively, John 
William Shortall, jr., *Howard Alan Shugart, “Geoffrey Gay 
hute, “Myron Gordon Silbert, “Benjamin David Silverman 


Rudra Pal Singh, Bo Sjogren, David Harold Sloan, Carter 
Chark Smith, Donald Fred Smith, “Jack Tisdall mith 
Robert McChesney Smith, Robert G. Snyder, *Raymond 


Andrew Sorensen, Rudolph Speiser, George Sheppard Spratt, 
"Augustus L. Stanford, Jr., “Robert Michael Stanton, 
Thomas Stepke, Kenneth William Harry Stevens, rank R 
tevenson, “William Albert Steyert, Jr, "Prank Henry Stil 
linger, “William Paul Swanson, Hiroshi Takuma, b:iji Tamai 
Yasutaka lanikawa *David tefan Tannhause 
Tavukeu, George Aristotle Theophani Abdelnourt Simon 
Thomas, Robert Clements Thomas, Greorge Blutte ‘Thurston, 


"Thomas Turville Thwaite Ping King Tien, "Miroslav M 
lodorovich, Kugene Richard Tomer, Ching Jen Tsai, *Sa 
chiko Tsuruta, Yasutada Uemura, "John Paul Ulrich, Alfred 


Ludvik Vampola, Ernest Joseph Van Derveer, Mac Elwyn 
van Valkenburg, "Donald van Zelm Wadsworth, *"Wilham 
Elisworth Wageman, “Robert Lynn Wall ernest Keeling 
Warburton, Kenneth B. Wear, *Frank Ludwig Weichman 
Richard Irwin Weller, Donald Core West. Raymond Joseph 
White, William Henry White, John Brown Wileox, "1 mia 
Delaney Wilkersor Pat Morris Windham, Martin Wolf 
David Gilbert Worden, Kenneth Aldrow Wright, Tar Tsun 
Wu, Jiro Yamashita, Tameichi Yasaki, Kei Yosida, Joseph 
Heinrich Zahringer, “Malcolm Daniel Zaretsky, Ferdinand 
Hrant Zegel, John Michael Ziman, Jerrold Zimmerman, and 
*Martin Samuel Zucker 
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Kashiwabara, Masaaki Kawaguchi, Brandt Kehoe | 
Jerome George Kenn jeff | vr Kersey *lames 
Kessel, “Harish-Chandra Khare, "Kee Yong Kim 
MacArthur, Schwab Samuel Major, Jr.. Murray Edward nae ae 
be. 
* Student 
; 


AMERICAN 


PHYSICAL 
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Development Fund 


American Institute of Physics 


Everyone whose career depends on, or has been 
helped by, the science of physics is invited to con- 
tribute to the Development Fund of the American 
Institute of Physics. The fund will be used to pro- 
vide larger working space for the Institute’s publish- 
ing and other services, to launch an expansion of 
periodical media for the publication of research re- 
ports, and to encourage and improve the study of 
physics at elementary levels. 

It is hoped to raise $150 000 from individuals and 
$350 000 from industry. Half of the total will be 
used to convert, for office use, a building on East 
45th Street near United Nations Plaza. The build- 
ing has been acquired with the proceeds of the sale 
of the old building at 57 East 55th Street. Removal 
to the new and much larger headquarters is sched- 
uled for June, 1957. 

With the enlarged space of the new building, it 
will be possible to continue furnishing the physics 
journals at a subscription price per word consider- 


ably lower than is commercially feasible. With ex 


reporting of physics 


panded journals, more complete 
research can be provided 

The AIP now publishes 
nals per year, serving Ove! 17 000 members 
than 69000 subscriber \ hig! 


maintained 


over 19000 pages of jour 
and a 
total of more 
ard of economy of publishing 1s 


ition chars 


journals bear no purchase cost or depreciat 
for the equipment or building space used for them | 
the Institute. Aside from publi 

to exert the concerted effort of the n 


hing, 
ition: 


1¢ve phy ics, to Im 


of physic s to acl recognition for 
prove teaching, to expand opportunities and facilities 


for research, and to cooperate with other soci ties In 


advancing science and technology in America 

The help of all friends of i 
needed. Checks should be 
to “AIP DEVELOPMENT Fl 
Street, New York 22, New York 
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OFFICERS OF THE SOCTETY FOR 1957 


President H. D. Smyru Princeton University 

Vice-President J. W. Beams University of Virginia 

Secretary K. K. Darrow Bell Pelephone Laboratories (retired) 
(Office at Columbia University) 

Treasurer S. L. Quimpy Columbia University 

Managing editor S. A. GoupsMit Brookhaven National Laboratory 


Past Presidents now on Council: W. F. G. Swann, H. A. Bethe, R. T. Birge, and FE. P. Wigner. 


Elected Members of the Council: John Bardeen, A. O. Nier, F. Seitz, A. M Weinberg, S. K. Allison, 
N. F. Ramsey, Walker Bleakney and W. K. H. Panotsky 


Local Secretary for the Pacific Coast W. A. NIERENBERG University of California, Berkeley 


Deputy Secretary W. W. Havens Jr Columbia University 


Please cut along this line 


(To be sent to Dr. R. D. Huntoon, National Bureau of 
Standards, Washington 25, D. C. 


EXPECT to attend the dinner of the American Phys 
ical Society at seven o'clock on Friday evening, 
April 26. My party will comprise persons 
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Addres 


(If you want your ti kets held tothe time of the banquet 
itself, send a chec k, made out to American Physical 
Society, for $4.00 per plate 
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